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m^M^Smm ,p,,,«„, relating to an inbred 

This invention is in the tieia ummo 
maize line designated PH5TG. 

i3£Mnl°Bti^^ ,3 variety or hybrid various 

The goa, of plant breeding is to ^^^^^^^^^^^ , ...ases and 

,3sirahle traits. For tield crops, these ^^^^iZ crop maturity, greater yield, 
. , . ......... tn heat and drought, reducing the time to c p ^^^^^^^^^ 

,nsed., .u,..a„.. ^. - - ^^^^^^.^^ ^rops, u.n. , 

KoHpr qnronomic quality, vviui ni . nrnvvAh rate, 

. ^..^h nermmation ana sidnu 

plant charactensin.^ ou^.. 

™,u,ity. and plan, and ear heigh,, is importam ^^^^^.^ 

-r:nC:::::rarp::ione.wer:s— 

method 0, pollrnation, A P'- ^ , ^ , ..^s-poirmated i, the poilen 
the same ot another llower o, the =am. pi- ■ . 

comes from a flower on a different plant. ^^^^^j^^. 
Plants that have heen self-po«inated " „ „, ,„e 

become homoz,go„s at almost a» gene ..a. P oc^^ ^ ^^^^ 

breeding progeny. A cross between two ^ , „„3s of two 

°' ^^^"^ : a pop.ia.ion ot h.. 

plants each heterozygous at a number y 



i.: »nllw o 



not be uniform. 



".0 



Maize (zea mays L.). ou«n - - 

raiZ::— - - "™ '^^"^ '° 

that protrude from the tops of the ears. ^^^^^^^.^^ 

, .liable method o- — ^^^^^^^^^^^ ^^^^^^ , ... hybnds. 
improved plant Dreeoiny. ..... -r- - 



H nf mp,le sterility system. There are several options for 
which relies upon some sort of male sterility y 

,,,,oir,ng male fertility available to -e.ers suc^ . . - 

, H.tcccpiinnV cytoplasmic male sterility, genetic 

emascuiaiiuii \0i u^-iw^^— ' o/' ^ ■ 



gameiociu«. and the like. incorporating 
Hybnd maize seed is typically produced by a male ster, y y 

. r „ aitornatP strlDS of two maize inbreds are piamea in 
™nua, or ™*anica, de.asse„n, A,.e na,e s.„p ^^^^^^^ ^^^^^^^^ 

.... .1 ^iior^^Koarinn T^SSGIS die icin^vo^ - 

zz:z:: :^ s„.ces „, ... ... .. .. 

„, .e detasselsd in.red wi. WiBze. on,y ,ro. *er ,n.raa (male), 
resulting seed is therefora hybrid and will lorn hybrid plants. 

The laborious and occasionally unreliable, detasseling process can be avoided 
, „3,„ ylZn^ic .ale-s.erlle (C.S, Inbreds. Planls o, a CMS inbred are .al 

r as a Isul. of -aclors resu.ng ,ro. .he cy.op,as.,c, as opposed .0 .he nuc, ar, 
slenle as a resul. 01 .a 1^^^,^ ,„ 

genorrre Thus, .his characenslic .s =".e - 

., .u. nrnvidBs cv.oplasm .0 .he fertilized seed, 
maize plants, since on,, ... ; p„„enfrom 

plants are fertilized with pollen fron, p.^s .ale- 

,e second inbred ™, or .ay no, conlnbu e gene .h nra^ ^ V P^^^ ^^^^ 

rier::^^^^^^ 

" "Thetrellethods of confe.ng genetic .ale s.e„li.y availab. such as 

genes . separa.e ^^^^ r::: 

as disused m U.S. Pa.en.s 4,a54,4e5 -^J' ^ "J 3„o,„, 
„ansloca.ions as descdbed by Pa.,erson ,n '^■^^^^^ ^ ..e 
. These and all pa.en.s referred to are ,nc«po^d V -.e- ■ 

methods, Albertsen et al., of Pioneer H,-Bred, ^^^^^^^^^^^^^^^^^^^^^ 
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be transcribed. 



There are ™ny other memods of conferring genefrc male stenli^ In the art. 
each w h I.S own benefits and drawbacks. These .efhods use a variety o, approaches 
. ,„,o the can. a ,ene encoding a cytotoxic substance associated with 

" ::;::_,er or an antlsense system In which a gene critical to tertility 

'"^ -! _ _^ , Cr.hinianc;ki Pt 
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-o .ne . .e^d . the p- -^^^^^^^^^^ 

. r r.r. ^00 ^OR and PCT app ication PCT/OAyu/uuuo/ 
al. EPO 89/3010153.8 publication no. 329,308 ana w 

- . .L-i;^u^^ nc \A/n qn/(mR28 K 

^"""■:„:.;ersys;» uset. . contrcmg male sterility ma.es use of gam*^,des. 
Gametocldes are not a ge^6c system, but rather a topical applrcation of chemi als 
est micals affect ce„s that are cdtlca, to .a,e fedlllty. The appl^on - ^^^^^^^ 
Chemicals affects fertility In the plants only for the growrng season ,n wh h 
gametocide is applied (see Carlson, Glenn R„ U.S. Patent Number. WaWW 
rppllcatlon of the gametoclde. timing of the application and genotype specific,,, often 
limit the usefulness of the approach. 

Developmeni oi mdi^c 

^ ........ footnr in thP nroduction ot maize 

The use of male sterile inbreas is uui unc .a..^ - r 

J Plant breeding tecbnigues Known In the ad and used In a maize plan, breeding 
p ogram Include, but are not limited to, recurrent selection, -^llZ 
Ldlng, restriction length polymorphism enhanced selection, ger.t ma.er n a 
„ selection and transformation. The development o, maize nyb,ius ,„ a 

■ . in neneral the development of homozygous inbred lines, the 
breeding program requires, ,n general, the d v 

■ ^ r.f fhocp lines and the evaluation of the crosses. r«uiy 
crossing of these lines and ^^^^ ^.^^^ ^^^^ ^^^^^.^^ 

recurrent selection breeding methods are usefl to p 
opulns Maize plant breeding programs combine the genetic background from « 
. 0 mt red lines or various other germplasm sources Into breeding pools from wh 

„ 7 1 lines are developed by selfing and selection of desired phenotypes. The 

new inbrea lines di« ^ ^ ^^^^^ ^^^^ ^^^^^ ^^^^^^^ 

evaluated to determine which of those have commercial porenu.,. 

:;:L,opment, as practiced in a maize plant breeding program, are expensive and 

^0 time consuming processes. 

Pedigree breeding starts with the crossing of two ^^"^^^'^^ ^"^^^^ 
have one or more desirable characteristics that Is laCing In the ot er or wh 

^ . . . . .u^ k.pr^Hinn nnnillation. in U'fc! 

characteristics, other sources can be inc.uaeo m u,e..,„. 
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.e.o. s... p,an,s a. se,« a. 

„e succeeding generations .he heterozygous ^"'''^^ ^" Z „, 
. . , „if.nn«inalion and selection. Typically .n the pedigree m 

. .....tinn. of selfinq and selection is practiced: F, F. F.-. F3: 

breeaing nve ui m^'^ 

" 't^Z sltlon .reeding, .ackcrossing tor example, can he used to in,proye 

. i„h,«H^ Backcrossing can be 

- uwkr;^ *A/hirh ic; maae UblllM muo^ 

an inbred line ano „ m,>..~ ■ | u^^j ,hal 

„3ed to transfer a specific desirable trait from one inbred or source . 

tt l, trait This can be accomplished, for example, by first crossing a su.e or 
i::::::!: parem, to . ... ..ed .on— ...1. cames . 

back to ,he .uper,o, e P „„„.,ecurrent parent. After five or more 

,he desired trail to be transfened from .h ^.^^ 

backaoss generations with selection ,u, = , ,,3 

, ohnrartpric^tir. beinQ transterrea, uui wm u 
homozygous for loc, corarcng v.,- - ^^^^ 

selfed to give pure breeding progeny for the ene 9 ^ 

developed from inbreds containing the transferred genets) ,s essen y 

hvbrid developed from the same inbreds without the transferred geneW 

■ ' Elite inbred lines, that is, pure breeding, homozygous inored ..n a,so 

material or source population and can seivc a 

: 3i„„,e cross maize hybrid results from the cross of two inorea .1.=, - 
.hich has ltnotype that complements the genotype of the other, T. .brid ^^^^^^^^ 

■ . ■ „ot^H P In the development ot commercial nvorios i.. a 
of the first generation is designated F,. In the 

™ze Plant breeding program, only the P. hyb. plants are so.h rre^^^ 

be manifested in many polygenic traits, mciuau y 
increased yield. 
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T.e development o. a ™ize hybrW in a .aize plan, breeding P'°8- .nvolves 
. m selection o, plants fron, various germplasm pools tor in,t,al breeding 
"1" > 10, tbe Leoted plants tro. .be breeding crosses ,or se«a, 
::::Z , se^es o, inb,ed lines, wbi*. altbcugb different fro. eaon 

TZl le and are b.gbl, uniform; and (3) crossing tbe selected inbred lines w„„ 
Other, breed true and are niginy n, ,rinn the inbreeding process 

- - — r i'::'s,::r:: ..l ... 

. fho uinnr nt me lineb UCUcaooo. ..3-- ^ ^ 

::s:e:to;r„d.ce .be n^r. progen, -^^:::^:z 

— and ^^^^ 

^ ""^ . . ...H .rndnced from four inbred lines (or synthetics; 

tha F nroaenv A douDie uut^^ ^^yu^^^ - r /A V m 

the F, progeny ^ _ ^ ^^^^ ^„ are crossed again (A x B) 

crossed ,n pa». ^.^^^ 3y„,^,te) 

X (C X D). A tbree-wa, cross bybrio ,s p,u.u.. 

wbere two of .be inbred lines (or syn.be.ics, are ,,,,, 
p, bybrid is crossed witb tbe tbird inbred (or syn.be.,cs A x , a y^^^ 
Vigor exbibited by F, bybrids is lost in .be nex. generation (F.). Consegu 

e,i.inatlon or inactivation of pollen produced by 

' ,3„,, r^self pollinated plants will be genetically egoivalent to tbe female inbred 

Typically tbese self pollinated plants can oe lue, ^ " 

H v,„, Female selfs are identified by tbeir less vigorous appearance 
decreased vigor. Female seits a . . ^er plan, beigb.. small ear 

,„ vege.a.ive and/or reproduCive cbaractenstics. including sborter p 
size, ear and Kemel sbape, cob color, or otber cbaractenstics, 

.entification of tbese ^^''''"''-^^ A 
.Olecular marker analyses. See. -e ,de*,i« o f Fern e e ^ ^ 

Comparison Using Electrophoresis and ivwp..oi"a, ■ 
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See<i science and Technolcgy 14. pp. 1-8 (1995). >he disclosure of which is expressly 
incorporated herein by reference. Through these technologies, .he homozygosity o the 
self pollinated line can he verified hy analyzing allelic composition at various loc, along 
the denome. Those methods allow for rapid identification of the invention u,sclose„ 
herein. See also. Identiflcation of Atyptca, Plants in Hybrid Ma,ze Seed by P^tconfro, 
and Electrophoresis- Sarca, V. et a,.. Probleme de Genetica Teoritica si Apl.cata Vol. 20 

'■' 'Is is readily apparent to one skilled in the art, the foregoing are only some of the 
various ways by which the ,nbred can be obtained by those looking to use the 
germplasm. Other means are available, and the above examples are illustrative only. 

Maize is an important and valuable field crop. Thus, a con«nuing goal of plan 
breeders is to develop high-yielding maize hybrids that are agronomically sound based 
on stable inbred lines. The reasons for this goal are obvious: to maximize the amount 
„.„..,™h with the inputs used and minimize susoeplibility of the crop to pests 
1 .nvironmenta, stresses. To accomplish this goal, the maize breeder must select 

'. . ;„K..H lines for producing hybrids. This requires 

and develop supenui muit^u ■ 

identitalion and selection of genetically unlgue individuals that occur in a segregating 
population. The segregating population is the result of a combination of aossover 
events plus the independent assort^n, of specific combinations of alleles at man, 

. The nrnbability of selecting any one 

qene loci that results in specmc yenuiy^co. .ne ^,.jdL....y 

individual v«th a speciHc genotype from a breeding cross is infinitesimal due to the large 
number of segregating genes and the unlim« recombinations of these genes some of 
Which may be closely linked. However, the genetic vahation among individual progeny 
0, a breeding cross allows for the identification of rare and valuable new genotypes. 
These new genotypes are neither predictable nor incremental in value, but rather the 
result of manifested genetic variation combined ,«th selection methods, environments 



I- 1^1 



Thus, even if the entire genuiyp«5 u, 



(.1 lU 



^^0 



I nus even H uic cniM^ yv^.i^vj, — 

charactenzed and a desired genotype known, only a few if any individuals having the 
desired genotype may be found in a large segregating F, population. Typically, 
however, neither the genotypes of the breeding cross parents nor the desired genotype 
,„ be selected is known in any detail. In addition to the preceding problem, ,t ,s not 
known how the genotype would react with the environment. This genotype by 

. . . _ ;^_.i.nf v.pt unnrfidictable, factor in plant breeding, a 
environment inieraciion ib a^^ imK^-^--, jr^^ ^.-r -- 




.ee.er of Cina. s« . .e an canno. pre.c. .e ,eno.pe .ow --^^ZZ 
i„,erac, w* vanous Cmalic conditions or me resulting phenotypes of the deveio.ng 
,1 except perhaps in a ve. .pad and genera, fashion. A breeder o, ordinary s.i, ,n 
.h;;r, would aisp be unahie tP recreate the sa™ line twice front the ve^ same o„g,„. 
pa'rents as the breeder is unable to direct how the genomes combine or now tney - 
„ t ct With the environmental c^ditions. This unpredictability results in the 
„, research resources in the development of a super,o. 

PYnp.nciiiure oi idi^e 01.10^...^ ... 

-"-[ — 

new maize inbred line. 

S^^m.rynf the Invention 

^^;;^^^7;rinven.ipn, there is provided a novel ,nbred maize l,ne^ 

designated PH6TG. This invention thus relates to the seeds of '"^-^ ™- « 
PH^TC .0 the plants of inbred maize line PH5TG, to methpds for p-Pducng a maize 
' : ,K. inhred maize line PH5TG with itself pr another maize 

rl^r—g a maize plant containing in its genetic materia, one or 

° : ; oroduced by that method. This 

more transgenes and to tne uai»a='">- •- 

invention also relates to inbred maize „nes dehved from inbred maize line 5TG. lo 
methods for prpdudng other inbred maize lines derived from inbred maize line PH5TG 
72 the lied maize lines derived by the use o, those methods. This inven on 

ana to ine n.u . , . kv, nro^sinn the inbred line 

further relates to hybrid maize seeds ana piant. piuuuue. ..o...... 

PH5TG with another maize line. 



Definitions . u.^oin 

^he descriptiPn and examples that follow, a number of ter^s are use h re,n. 

, ,„ order ,0 provide a clear and consistent understanding of the specification and clatms. 
: ng . e scope to be given such terms, the following definitions are provrde. 

'"^ ^ .nt ..f thP mean for the experiments 



nil iwiiv>i» 



in Which the inbred or hybrid was grown, I hese aesign..,. 
denote how the values are to be interpreted. Below are the descnptors used in the data 

BPITT. STALK. A count o, the number o, — 
Plants per plot following machine snapp.ng. A snapped plan, has »s stal. comple^y 
snapped at a node between the base p, the plant and the node above the ear. 
Expressed as percent of plants that did not snap 
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ANT ROT = ANTHRACNOSE STALK ROT (Co/tetoWctom grammicola). A 1 lo 
9 v,sua, ra,,ng ,n*oa>ing resistance ,o An.h,acnose S,a* Ro.^ A higher score 

inrlinates a hiqher resistance. 

BAR PLT = BARREN PLANTS. The percent of plants per plot that were no. 

barren (lack ears). . ■ ^ ^.^^r 

BRT STK = BRITTLE STALKS. This is a measure of the stalk breakage near 

. . ... ic .n indir..tion of whether a hybrid or inbred would snap or 

thP Time OT UUllMldUUn, ano .o ^ 

break r,ea, the time o, flowering under severe winds. Da,a are presented as percen^ge 

of plants that did not snap. 

BU ACR = YIELD (BUSHELS/ACRE). Yield of the grain at harvest .n bushels 

per acre adjusted to 1 5.5% moisture. 

CLD TST = COLD TEST. The percent of plants that germinate under cold test 

condit'ons 

\, _ .ooM . PTMAI NECROSIS. Synergistic interaction of maize chlorotic 

c .MCMV^ in combination with either maize dwarf mosaic virus (MDMV-A or 

. , , ;„>,in,c /\w.<;M\n A 1 to 9 visual rating indicating the 

MDMV-B) or wheat stream mu&cjio v„u^ v , 

resistance to Com Lethal Necrosis. A higher score indicates a higher resistance. 

COM RST = COMMON RUST iPuccinia sorghi). A 1 to 9 visual rating indicating 

the resistance to Common Rust. A higher score indicates a higher resistance. 

^ , „,„|„.p .of. a* v'hir.h a hybrid will reach 
DID = DRYDOWN. This represenis the leict.ve ,a.. a> v.i y 

acceptable harvest .olsture compared to other hybhds on a 1-9 rating scale. A h,gh 
score indicates a hybrid that dries relatively fast while a low score indicates a hybrid that 

dnes slowly. = DIPLODIA EAR MOLD SCORES [Diplodia maydis and D,ptod/a 
, .aorospora). A t to 9 visual rating Indicating the resistance to Diplodia Ear Mold. A 

hiqher score indicates a higher resistance. 
^ ,/ or>T crr^RP Rrnre of Stalk rot seventy due to 



;i c Willi ^ wjvt •■cj •> 
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Diplodia (Diplodia maydis). Expressea as a i lu « :>ou, 

DRP EAR = DROPPED EARS. A measure of the number of dropped ears per 
plot and represents the percentage of plants that did not drop ears prior to harvest. 

D/T = DROUGHT TOLERANCE, This represents a 1-9 rating for drought 
tolerance, and is based on data obtained under stress conditions. A high score 
indicates good drought tolerance and a low score indicates poor drought tolerance. 
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EAR HT = EAR HEIGHT. The ear height is a measure from the ground to the 
highest placed developed ear node attachment and is measured in inches. 

EAR MLD = General Ear Mold. Visual rating (1-9 score) where a "1' is very 
..sceotible and a "9" is very resistant. This is based on overall rat.ng for ear moid of 
nature ears without determining the specific mold organism, and may not t)e preoo.v. 

for a specific ear mold. 

...... CAP c„7P A 1 tn 9 visual rating of ear size. The higher the rating 

the larger the ear size. ... ^,,ntc 

EBTSTK = EARLY BRITTLE STALK. A count of the number of "snapped plants 

per plot following severe winds when the com plant is experiencing very rapid vegetative 
growth in the V5-V8 stage. Expressed as percent of plants that did not snap. 

ECB 1 LF = EUROPEAN CORN BORER FIRST GENERATION LEAF FEEDING 
(0.tnn.a nu.M.sl A 1 to 9 visual rating indicating the resistance to preflowering leaf 
... .... ..n.ratinn Furooean Com Borer. A higher score indicates a higher 

_ ^, rnDM RORFR SECOND GENERATION INCHES OF 

TUNNELING {Ostrinia nubilalis). Average inches of tunneling per plant in the stalk. 

ECB 2SC = EUROPEAN CORN BORER SECOND GENERATION {Ostrinia 
nubilalis) A 1 to 9 visual rating indicating post flowenng degree of stalk breakage and 

^.,.-D-„, Qpnnd Generation. Ahiaherscore 
other evidence of feeding by European i^om Bo,c>, Secona uenera 

indicates a higher resistance. 

ECB DPE = EUROPEAN CORN BORER DROPPED EARS (Os(nn,a nab,lalis). 

r^rn Rnror Pprrentaae of plants that did not drop ears 
Dropped ears due to European Corn Borer. Percentage ui p 

under second generation com borer infestation. 

EGRWTH= EARLY GROWTH. This is a measure of the relative height and 

Size of a com seedling at the 2-4 leaf stage of growth. This is a visual rating (1 to 9). 

nrn\wth and 9 being strong growth. 
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Taller plants, wider leaves, more green mass di ,u uc ^o, 

ERTLDG = EARLY ROOT LODGING. Count for severity of plants that lean from 
a vertical axis at an approximate 30 degree angle or greater which typically results from 
strong winds prior to or around flowenng recorded within 2 weeks of a wind event. 

Expressed as percent of plants not lodged, 

ERTLSC = EARLY ROOT LODGING SCORE. Score for seventy of plants that 

. , ;,^ot« HpnrPP anale or greater which typically 

lean from a vertical axis ai an dphJiuAHuc.- ^ 



0 




results from strong winds prior ,o or around flowering recorded within 2 weeks of a wind 
event Expressed as a 1 to 9 score with 9 being no lodging. 

EST CNT = EARLY STAND COUNT. Ttrls is a measure of the stand 
establishment in the spring and represents the number of plants that emerge on per plot 

basis for the inbred or hybrid. . 

EYE SPT = Eye Spot [Kabatiella zeae or Aureobasidium zeae). A 1 to 9 visual 
,. .H. .ocict.nr. to Eve Spot. A higher score indicates a higher 

ratinU lllUH-duny uio 

resistance. _ ^ .^^ 

FUS ERS = FUSARIUM EAR ROT SCORE {Fusamm mmMome or fusamm 

s„bg,*ans) A 1 to 9 visual rating indioating the resistance to Fusanum ear rot. A 

hiqher score indicates a higher resistance. 

GDU = Growing Degree Units. Using the Barger Heat Unit Theory, which 
acsumes that maize growth occurs in the temperature range 50°F - 86T and that 
..^_„,3.„.e. nntciHp thi. ranae slow down growth; the maximum daily heat unit 
. ... ,i.tinn is 36 and the minimum daily heat unit accumulation is 0. The seasonal 

. .. , ^r>, , : „;^r f.r-tnr in HpfprmininQ maturity zones. 

accumulation 01 uuu lb d Miajw, ^ ,orvi.N«r 

GDU SHD = GDU TO SHED. The number of growing degree units (GDUs) or 
heat units required for an inbred line or hybnd to have approximately 50 percent of the 
plants Shedding pollen and is measured from the time of planting. Growing degree units 

■ u-^« *u,-. u,ont 'initc fnr 3 94-hour oeriod are; 
20 are calculated by the Barger Methoa, where ihc hea. u, „t. ,o , 

GDU = (Max. temp. + Min. temp.) - 50 

2 

The highest maximum temperature used is 86o F. and the lowest minimum 
25 temperature used is 50° F. For each inbred or hybrid it takes a certain number of GDUs 
to reach various stages of plant development. 

GDU SLK = GDU TO SILK. The number of growing degree units required for an 
„i.^.t.iv, nprrpnt of the plants with silk emergence 

from time of planting. Growing aegree u,mb .c^u...^^ - - . 

30 given in GDU SHD definition. . . , n 

GIB ERS = GIBBERELLA EAR ROT (PINK MOLD) {Gibberel\a zeae). A 1 to 9 

^ +^ rihhorpii?^ Far Rot A higher score indicates a 
visual rating indicating the resistance to Gibberella Lar Koi. m y 

higher resistance. 
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GIBROT = GIBBERELLA STALK ROT SCORE. Sco-e of stalk rot seventy due 
,0 Gibberella (GMere«a zeae). Expressed as a 1 to 9 score with 9 being highly 

resistant. ^ ^. 

GLF SPT = Gray Leaf Spot {Cercospora zeae-mayd,s). A i to 9 visua, ra.ing 

rrov/ 1 paf ^nnt A hiaher score indicalyb a nigher 
indicating the resistance to Gray Leat bpoi. m niynt^i 

resistance. 

GOS WLT = Goss' Wilt iCorynebacterium nebraskense). A 1 to 9 visual rating 
indicating the resistance to Goss' Wilt. A higher score indicates a higher resistance. 

GRN APP = GRAIN APPEARANCE. This is a 1 to 9 rating for the general 
appearance of the shelled grain as it is harvested based on such factors as the color of 
harvested grain, any mold on the grain, and any cracked grain. High scores indicate 

good grain quality. u i * 

H/POP YIELD AT HIGH DENSITY. Yield ability at relatively high plant 

..neiti.. on 1-9 relative rating system with a higher number indicating the hybrid 
responds well to high plant densities for yield relative to other hybrids. A 1, 5, and 9 
nr .«pmne. and very good yield response, respectively, to 

WOUIO Itjpiesciii vcijf K""'' " a"' ' ' 

increased plant density. 

gLT = HELMINTHOSPORIUM CARBONUM LEAF BLIGHl 

», ^\ A 1 tn q visual ratinq indicating the resistance to 
{Helmintbosporium carbonum). A 1 to 9 visual rdimy a 

hiaher resistance. 
Helminthosponum inrection. m myhci av.u,e „,«,v.d.e- a ...y... 

HD SMT = HEAD SMUT [Sphacelotheca reiliana). This score indicates the 

percentage of plants not infected. 

HSK CVR = HUSK COVER. A 1 to 9 score based on performance relative to 
key checks, with a score of 1 indicating very short husks, tip of ear and kernels showing; 
5 is intermediate coverage of the ear under most conditions, sometimes with th,n husk; 
and a 9 has husks extending and closed beyond the tip of the ear. Scoring can best be 

.M, ,nt„ cf=,np nr anv time durinq dry down until harvested. 



INC D/A = CiKUbb tiN^uivic ^uv^Ll_^•^- - • 

assuming drying costs of two cents per point above 15,5 percent frarvest nroisture and 

) current market price per bushel. 

INCOME/ACRE. Income advantage of hybrid to be patented over other hybrid 

on per acre basis. 

INC ADV = GROSS INCOME ADVANTAGE. GROSS INCOME advantage of 

variety #i over variety #2. 
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KSZ DCD = KERNEL SIZE DISCARD. The percent of discard seed; calculated 
as the sum of discarded tip kernels and extra large kernels. 

L/POP - YIELD AT LOW DENSITY. Yield ability at relatively low plant densities 
on a 1-9 relative system with a higher number indicating the hybrid responds well to low 
plant densities for yield relative to other hybnds. A 1, 5, and 9 wouic repre...t very 
poor, average, and very good yield response, respectively, to low plant density. 

. .X, nn - . ATP ROOT I ODGING. Count for severity of plants that lean from a 
vertical a.s a, an approximate 30 degree angie or greater typicail, resu„s ,ro„, 
stro,^ Winds after flowering. Recorded prior ,o harvest when a root-iodgrng event ha 
occurred. This lodging results In plants that are leaned or lodged" over a. the hase o 
the plant and do no, straighten or "goose-neck" back to a vertical position. Expressed 

percent of plants not lodged. , , th=.t 

LRTLSC = LATE ROOT LODGING SCORE. Score for seventy of plants that 
a "-i-> avi. .t an aooroximate 30 degree angle or greater which typically 
,r„. ..rono «nds after flowering. Recorded phor to han,es, when a roClodging 

^u:. ,„i,ii^ in niants that are leaned or "lodged" over at the 

event has occurreu. luuyn.y .v.- r - 

base of the plan, and do not straighten or "goose-neck" hack ,o a vertical pos,„on. 
Expressed as alto 9 score with 9 being no lodging, 

MDM CPX = MAIZE DWARF MOSAIC COMPLEX (MDMV = Maize Dwarf 

... ^, I . n-A/a'f \/l-■l's^ A 1 tn 9 visual rating indicating 
Mosaic Virus and MCDV = Maize unlorutiu Dwa, . v „ us, - - 

the resistance to Maize Dwarf Mosaic Complex. A higher score indicates a higher 
resistance 

MST = HARVEST MOISTURE. The moisture is the actual percentage moisture 

of the grain at harvest. 

MST ADV = MOISTURE ADVANTAGE, The moi5,ure advantage of vanety #1 

over variety #2 as calculated by: MOISTURE of variety #2 - MOISTURE of variety #1 = 
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NLF BLT = Northern Lear biiym ynt^inn.n.n 
turcicu.). A 1 to 9 visual rating indicating the resistance to Northern Leaf Blight. A 

hiqher score indicates a higher resistance. 

OILT = GRAIN OIL. Absolute value of oil content of the kernel as predicted by 
Near-infrared Transmittance and expressed as a percent of dry matter. 

PLT HT - PLANT HEIGHT. This is a measure of the height of the plant from the 



ground to the tip ot me lasbtji n i m ,u .00. 
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POL SC = POLLEN SCORE. A 1 to 9 visual rating indicating the amount of 

pollen shed. The higher the score the more pollen shed 

POL WT = POLLEN WEIGHT. This is calculated by dry weight of tassels 
co,lect.d as shedding commences minus dry weight from similar tassels harvested after 

5 shedding is complete. 

POP K/A = PLANT POPULATIONS. Measured as 1000s per acre. 

... ..w . O.AMT POPIIIATION ADVANTAGE. The plant population 

• t, Jio ralrulated bv PLANT POPULAIIUIm u. 
aHvantaae of variety #1 over vanety #2 as caicuiaiea oy r 

PLANT POPUUTIOM o, vane. *, = PLANT POPULATION AOVANTAOE 

= PREDICTED RELATIVE MATURITY. This «. predict relative 
.a-urilv. IS .ased on .e .a^es, .oislure o, .e ,rain. The .,a.ive ^ .s 

Ka,ed on a ^nown set of checks and utilizes standard linear regression analyses and 

. ' -3 ..e r„.„,™,ive Relative Maturit, Rating System tttal Is similar to tne 
also refeiiKu lu as mt- v.^v.-..., 

. - M;..^.^to RpiptivP Maturitv Rating System. 

" — ,,.,,,,inadeqree units (GDU) required to 

PRM SHU = A reiyuvt; lucaouiv. v>, V..W ^ 

of observed GDU's on relative maturity of commercial checks. 

PROT = GRAIN PROTEIN. Absolute value of protein content of the kernel as 

^ fl-^-a-cfi'^ T= f norcent of drv matter. 
70 oredicted by Near-Infrared Transmittance and exp,e=se. a. . .-c...- . . 

RT LOG = ROOT LODGING. Root lodging is the percentage of plants that do 
not root lodge; plants that lean from the vertical axis at an approximately 30o angle or 

nreater would be counted as root lodged. 

RTL ADV = ROOT LODGING ADVANTAGE, The root lodging advantage o. 

?s varietv #1 over variety #2. 

SCT GRN = SCATTER GRAIN, A t to 9 visual rating tndlcating the amount o. 

, .K.rtinn^ on thfi ear. The higher the score the 

' t G i^R = SEEDLING VIGOR, This Is the visual raling (t to 9, o, the amount 
0, vegetative growth atter emergence a, the seedling stage (approximately five leaves), 

A hiaher score indicates better vigor. 

SEL IND = SELECTION INDEX. The selection index gives a single measure of 
t,e hybnd's worth based on information for up to five traits. A maize breeder may ut.ze 

^ .„H.v r^nP Of the traits that is almost always 

his or her own set of traits tor me skikuuu, , .. 
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,„,uded IS yie«. The selection index data presented in tne tables represent the ntean 

value averaged across testing stations. 

SLF BLT = SOUTHERN LEAF BLIGHT {HelmUhospomm mayd,s or Brpo/ans 
A 1 to 9 Visual rating Indicating the resistance to Southern Leaf Blight, A 

higher score indicates a higher resistance. 

SOU RST = SOUTHERN RUST (Pucc/.a po/ysora). A 1 to 9 visual rat.ng 
c.Mthprn Rust. A higher score indicates a higher resistance. 

inr1ir.;:it!na me ftJbibLcJiioc v^w^-.- - - _ 

■■" sTA GRN = STAY GREEN. Stay green Is the measure of plant heaim nea, 
time of black layer formation (physiotogica, matunty). A high score indicates better late- 

'"^""sTaOV = STALK STANDING ADVANTAGE. The advantage of variety », 

over variety #2 for the trait STK CNT. 

STK CNT = NUMBER OF PLANTS. This is the t.nai stand or nurr^ber of plants 

. n. = .TALK LODGING. This is the percentage of plants that did not stalk 

...^A .ithpr natural lodging or pushing the stalks and 

lodge (stalk breakage) as medsuicu ^ - - 

determining the percentage of plants that break below the ear. 

STKLDL = LATE SEASON STALK LODGING. A plant ,s considered as stalk 
lodged if the stalk is broken or chmped be^en the ear and the ground. Th,s can be 

. .. ...nno winds late in the season, 

caused by any or a combination ot tne .o,lo«ng. »»ong ».na. 

disease pressure within the stalks, ECB damage or genetically weak ta* Jh s r 
Should be taken when the grain moisture content of the expehmen, ,s between ,5/. 
18%. Expressed as percent of plants that did not stalk lodge. 

STKLDS = REGULAR STALK LODGING SCORE. A plant is considered as stalk 
, todged if the stalk is broken or crimped between the ear and the groun. This ^n be 
caused by any or a combination of the following: strong Winds ^^^^2,^:^^^ 

^^o n noneticallv weak stalks. This trait 

should be taken just prior to or at harvest. cxpi=.«>. - 

„ '°'*"' sTRT = GRAIN STARCH. Absolute value of starch content o, the kerne, as 
predicted by Near-lnfrared Transmittance and expressed as a percent of dry matter. 

STW WLT = Stewart's Wilt (E^-.a sfewa*. A , to 9 visual ratrng indrcatrng 
tt,e resistance to Stewart's Wil. A higher score indicates a higher resistance. 
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TAS BLS = TASSEL BLAST. A 1 to 9 visual rating was used to measure the 
.egree o, Mas.,ng (necrosis due to .eat stress, o, ..e tasse, at t.e t™ 
, .„,„H indicate a very high level of blasting at time of flowenng, while a 9 would 

r^r^ tQccpl Hl^citina. . 
' ""tAS SZ : TASSEL SiZE. A 1 to 9 visual rat.ng was used to indicate tne reia.ve 

.re of the tassel The higher the rating the larger the tassel. 

s.eofthetas^. ^j^^ ^^^^^^^^^ th. is the average weight of a tassel (grams, 

lAbvvi = mooi^i- vvi_iv^ - 

just prior to pollen shed. 

TEX EAR = EAR TEXTURE. A 1 to 9 visual rating was used to indicate 
. .lative hardness (smoothness of crown) of mature grain. A 1 would be very soft 
(extreme dent) while a 9 would be very hard (flinty or very smooth crown). 

TILLER = TILLERS. A count of the number of tillers per plot that could poss.bly 
s,ed pollen was taken. Data are given as a percentage of tillers: number of tillers per 

rviontc npr niot 

' .o. L , WEIGHT (UNADJUSTED). The measure of the weight of the 

grain in pounds for a given volume (bushel). nf the 

' . TEST WEIGHT ADJUSTED. The measure of the weight of the 

arain ,n pounds for a given volume ,busW) adjusted for 15.5 percent moisture^ 
- = TEST WEIGHT ADVANTAGE The test weight advantage 

20 variety #1 over variety #2. 

WIN M% = PERCENT MOISTURE WINS. 

WIN Y% = PERCENT YIELD WINS. 

YLD = YIELD It is the same as BU ACR ABS. 

Y, D ADV = YIELD ADVANTAGE. The yield advantage of variety #1 over variety 
, « as calculated by: YIELD of variety #1 ■ YIELD variety #2 = yield advantage of vanety 



#1. 
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oi r^tinn was used to give a relative 
rating for yield based on plot ear piles, me nigne, u,. ... .-- ^ 

appearance. 

nM.iipHnPscription of the Invention 

developed for use in the production of hybr 

.aize lines Inbred maize lines need to be highly homogeneous, homozygous n 

" . , K.hnHc Thppp are manv analytical 

reproducible to be useful as parents or counu^i.,., • • - - 
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methods ava„ab,e .0 determine the homozygotic and phenCypic s,abi„.y o, mese in.red 

The oldes, and mos. .raditiona, method o, analysis is the obsen,a.ion of 
„.e„„,volo ,ra»s. The data is us^aily collected in field expenments over tne lite o, ,ne 
^aize Plants to be examined, Pttenotypic charactenst,cs most often obseryed a,e ,o, 
traits assocated witn plan, morphology, ear and Kernel morphology, rnsect and disease 

rpqif^tanCe. nidLUMiy, canu y.v-.^. 

in addition to phenotypic obse^ations, the genotype of a plan, can aisu 
examined. There are many labora.ory-based techniques available for the ana^. 
comparison and characterization of plant genotype: among these are Isozym 
Llophoresis, Restriction Fragment .ength Polymorphism's (--^— 
Amplified Polymorphic DNAs (RAPDs), Arbitrarily Primed Polymerase h» R^^ 
,.p.pcR> DNA Amplification Fingerprinting (DAP). Seguence Characten^d Amplified 

. : A"-»<"d Fraoment Length Polymorphisms (AFLPs), and Simple 

Kegions (ounKoy, am.^/.m.wv- . .-^^ 

o..„...o ppoppt. (SSRs) which are also referred to as Microsatellites. 

..... thocf. lahoratorv techniques are isozyme 
The most wiceiy ui^cu . , 

Elec.rophores,s and RFLPs as discussed in Lee, M„ Inbred Lines of .a,ze an Th. 
Molecular MarKers," T.e Marze Han*oo. (Sphnger-Vedag, New York, IncM 4 
423- 432) incorporated herein by reference. Isozyme E,ec.rophores,s ,s a u f 

... . .^lofiwoiw low number of avaiiaoie 

determinmg genetic composition, althougn ,t ha. ,.lat..e, 

.arKers and the low number o, allelic variants among maize inbreds, RFLPs h e h 
advantage of revealing an exceptionally high degree of allelic variation ,n maize and 
number of available markers Is almost limitless. 

Maize RFLP linkage maps have been rapidly constructed and widely 

■ implemented in genetic studies. One ^^^^^^^^^^^^ 
■comparisons among str.ns l^^^:],, ^ 



I L \jv^|^*-'wi '.V.' 
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RFLP markers to analyze the patterns otz 10 ouiMCf.n, 

•,n.ed l,nes. The ,nbred lines had been selted from 9 to 12 times before be., a o^. 

u .psuits from these 2 to 3 different 
into 2 to 3 different breeding programs, k was .esuiis 

breeding programs that supplied the different deposits for analysis. These five lines 
lere m I ta,!ed ,n the separate breeding programs b, selfing or sibbing and rogue. 
*.ype Plants for an additional one to eight generations. After the RFLP analysis w s 

^ ..... chnu/pH n-2% residual heterozygosity, 
completed, it was determineo in^ n.^ 



16 



Mhoug. ,his was a re,a,ive,y small s,ud,, i. can be seen using RFLPs Iha. ,he lines had 
been highly homozygous prior to the separate strain maintenance. 

inhred maize line PH5TG is a yellow, den. maize inbred that ,s best surted as a 
,»male ,or producing first generation F, maize hybrids, inbred maize tine PH5,. ,s 
s best adapted to the Northwest. Northcentral. and Northeast regions o, the uniteo .,a». 
and central and southeastern Ontario, Canada and Quebec, Canada and can be use 

. , ,„„„v™«„lv go relative maturity based on the Comparative 

tn nroauce nvunus mum. m^k'- / ^. ,r-i-r^ 

Relative Maturity Rating System (or harvest moisture of grain. Inbred marze .ne .no , . 
demonstrates high yields, ve^ good stalks and ve^ good seedling vigor as an rnbred 
„ per se In hybhd comhinatron, including for its area of adaptation, rnbred PH6TG 

inbred has shown uniformity and stability within the limits of environmental 
. . « described in the Variety Descnption Information (Table 1) 

,„ii™. The inhred has been self-pollinated and ear-rowed a sufficient number o, 

. , ;„„ ..iH tn nnifnrmitv of plant type to ensure the 

generations with carerui duenuutt k^.- ^ 

omozygoslty and phenotypic stability necessa^ to use in commercial produc ion. h 
.„e halen increased both by hand and in isolated fields * continue observation 
- uniformity No variant traits have been r a. e.^^^^ ™ 

Inbred maize line PH5TG, toeing suDstdiiticny „wmo.ygoj-, - 
by planting seeds o, the line, growing the resulting n^alze plants under self-poliinating or 
Sib pollinating conditions with adeguate isolation, and ha^esting the resulting seed, 
using techniques familiar to the agricultural arts. 
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TABLE 1 

VARIETY DESCRIPTION INFORMATION 
VARIETY - PH5TG 

. ^v.nrr. M...nho intPrmPfiiate Woes in Comments section): 
^ 1=Sweet 2=Dent 3=Flint 4=M0ur 5-rup b-J..,.me...d, 



2. MATURITY: 
DAYS HEAT UNITS 

1 134 n Frnm emergence to 50 /o ot pianib m . 

X.. ; 0.7"^ Frnm emeraence to 50% of plants in pollen 
11(1/ I I • ~ ,, i_ J 

_._ _ ^ ._ -IAD/ nno/. nnllpn <;nRn 

From 50% silk to har.'esl at 25% moisture 



Standard 


Sample 


Deviation 


Size 


14.12 


30 


12.05 


30 


1.40 


30 


0.03 


6 


0,13 


6 



3. PLANT: 

0 190 8 cm Plant Height (to tassel tip) 
0 066 0 cm Ear Height (to base of top ear node) 
0 012 6 cm Length of Top Ear Intemode 
' 0 0 Average Number of Tillers ^ ^ ^ 

10 Average Number of Ea^s per StalK^^^^^ ..Moderate 4=Dark 5= Ve^ Dark 

3 0 Anthocyanin of Brace Koots: i-mu:.o.k - 

Standard Sample 

20 4. LEAF; Deviation Size 

0.59 30 

^ \A/iHth nf Far Node Leaf a ao ?n 

075.1 cm Length of Ear Node Leaf 30 



25 027.9 



06 1 Number of leaves above lop ear • 3Q 

Degrees Leaf Angle (measure from 2nd leaf above 



ear at anthesis to stalk above leaf) 



. * t^. nark Green (Munsell code) 5GY34 

S « P« (rL on seal f- l-e to 9=li- Peac^ 



1.0 



30 



Mar^rnr^ (Rate on scale from ^ -one to 9-anj) ^ 
Longitudinal Creases (Rate on scale from 1-none to 9 many) 



Standard Sample 

5 TASSEL Deviation Size 

0 74 30 

04 1 Number of Primary Lateral Branches ^ ^ 3^ 

047 5 Branch Angle from Central Spike 3Q 

4.0 PotienShed(raieo...^.^ fM„n<;ell code) /.^RrSo 

T'cZ LightSL rnSlc^dS 5GY46 

Glume Color Lignioreen . o.p.ocpnt 
Bar Glumes (Glume Bands): 1=Absent 2-Present 
Peduncle Length (cm. from top leaf to basal branches) 



01 
1.0 

40 17 cm 



Red ^iviuiibCM wuuo/ 

14 Silk Color (3 days after emergence) nnhtfireen (Munsell code) 5GY68 

1 Fresh Husk color (25 days after 50% silking) Ught Green 5Y92 

4S 21 Dry Husk Color ^^^^^^^^ HonzonS 3= Pendant 

■5 Pnsitinn nf Ear at Dn/ Husk btage. I uijuyn »:„|,n 
^ Husk Tigtitness (Rate of Scale from 1 =very lo^^e to y-v«ry u^^^^^ 

2 Husk Extension (at harvest): 1=Short (ears exposed) 2-Med,urT, (8c.) 
3=Long (8-10 cm beyond ear tip) 4=Very Long (>10 cm) 



6b EAR (Husked Ear Data): 



Standard Sample 

Deviation Size 
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15 
37 
98 
13 

2 

2 

15 



cm Ear Length 

mm Ear Diameter at mid-poini 

qm Ear Weight 

Number of Kernel kows 

Kprnei Rows- 1=!ndistinct2=D!Stinct , 
Row Alignment: 1=Stra,ght 2=Slightly Curved 3:=Spira! 

cm Shank Length o-cvfrnmp 
Ear Taper: 1=Slight 2= Average 3-Extreme 



0.82 
0.82 
7.96 
0.75 



3.19 



30 
30 
30 
30 



30 



UIOU1 IV^l 

Slightly Curved 
Average 



7. KERNEL (Dried): 



Standard Sample 
Deviation Size 



15 



20 



25 



30 



4 

53 
1 



10 mm Kernel Length 
8 mm Kernel Width 
mm Kernel Thickness 

% Round Kernels (Shape Grade) c.nronp,tinn 
Aieurone Color Pattern: 1=Homozygous 2=Segregat,ng 
Aiuornne Cr^lor Yellow 
Hard Endosperm color „_^;°T,,ch 
l^^we^U^ sweet (sh2) 3= Norma, .ta.^^ 

4=High Amylose Starch b^vvaxy " 

7=High Lysine 8=Super bweet ^^u; 9-H.yu 

lU^Oiher^ . 

nn. wpinht ner 100 Kernels (unsized sample) 



8. COB: 



21 mm Cob Diameter at mid-point 
14 Cob Color 



Keu 



0.52 
0.41 
0.41 
14.98 



30 
30 
30 

6 



(Munse!! code) 
/^^l|ncpll rnde^ 



2.bb 


D 


Standard 


Sample 


Deviation 


Size 


1.21 


30 


(Munsell 


code) 



Homozygous 
10YR714 
10YR712 



10R56 



A. Leaf Blights, Wilts, and Local Infection Diseases 
„ Anthracnose Leaf Blight (Colletotrichum graminicola) 

5 Common Rust (Puccinia sorghi) 
Common Smut (Ustilago maydis) 

I SSSSrLhiganensespp.nebraskense) 
Grav Leaf Spot (Cercospora zeae-maydis) _ 
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Southem Leaf Blight (Bipotaris maydis) Kace 
Southern Rust (Puccinia polysora) 
Stewart's Wilt (Erwinia stewartu) 
Other (Specify) 



B. Systemic Diseases 

Com Lethal Necrosis (MCMV and MDMV) 

Head Smut (Sphacelotheca reihana) 

Maize Chlorotic Dwarf Virus (MDV) 

Maize Chlorotic Mottle Virus (MCMV) 

Maize Dwarf Mosaic Virus (MDMV) 

Surn Downy M.ldew of Com (Peronosclerospora sorgh,, 

Other (Specify) 



C. Stalk Rots 

Anthracnose Stalk Rot (Colletolrichum graminicola) 
Diplodia Stalk Rot (Stenocarpella maydis) 
Fusarium Stalk Rot (Fusarium moniliforme) 
oihkoroiia <?taik Rot (Gibberella zeae) 

VJlUL/^i *^i<<^ 



Other (Specify) 
D. Ear and Kerne! Rots 
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Aspergillus Ear and Kernel Rot (Aspergillus flavus) 
ninlodia Ear Rot (Stenocarpella maydis) 
Ssanum Ear and Kernel Rot (Fusanum mon,l,forme) 

Gibberella tar r\uL \oiul>o.um^ . / 

Other (Specify) 



15 



70 



10 INSECT RESISTANCE (Rate fro. 1 (most suscept.., to 9 ,n..l res.tant); 
' (leave blank if not tested). 

Banks grass Mite (Oligonychus pratensis) 
Corn Worm (Helicoverpa zea) 
Leaf Feeding 
Silk Feeding 
mg larval vrt. 
Ear Damage , 
'^orn Leaf Apmd {Knupctuoip. .u. . i . ■ - , 
Com Sap Beetle (Carpoptiilus dimidiatus 
European Corn Borer (OsWnia r>ubilans, 

;^na beneidiiuii yt yK"^""j — 
Stalk Tunneling 
cm tunneled/plant 
Fall Armyworm (Spodoptera fruqiperda) 

Leaf Feeding 

^^^^ Silk Feeding 

mg larval wt. 
Maize Weevil (Sitophilus zeamaize 
Northern Rootv^orm (Diabrotica barben) 
TLu^rr. Pontv^nrm (Diabrotica undecimpunctata) 
. , Touthwesie- Borer (D.treaea grand.osella) 

Leaf Feeding 
Stalk Tunneling 

cm tunneled/plant ^.^i^^p^ 
Two-spotted Spider Mite (Tetranychus urticae) 
western Rootworm (Diabrotica virg>frea v.rg.fera) 
Other (Specify) 

11 AGRONOMIC TRAITS: 

, Staygreen (at a5 days after anthes.s) (Rate on a scale from 1=worst to 9=exce.,ent) 
0 0 % Dropped Ears (at 65 days after anthesis) 
0/^ pre-anthesis Brittle Snapping 

0/ prp-anthesis Root Lodging 
/o pre anlneblb^r^ ^ ^ ^^^y ^ ^^^^ ^^^^^ anthesis) 



40 



50 



—"-"""^"^e;;^ boo. of Co,or, a standard color reference 

.. ....u. w^nnmnrnlnr desianations. reference :nay oer,.du_ 



20 
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II II 1^1 , 

_ r>i iiz~m 
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c.rfhpr Embodirr °"*«^ the Invention 

^-^^T— .e,Hods ,or producing a ma,ze plan, 
„„ssi™ a ,lrs. paren, .aize plan. wl. a secon. pa-en, plan. w.ere,n e, .e 

or ;econ. parent maize plan, is an inbred n,a,ze plan, o, .ne „ne .no,.^ r.„... 
,0. firs, and second paren. nraize plants can come ,ro. ..e ,nPred rna.ze ,« . . 
Stil, ,or.her. .Ns invention also is direCed .o meth^s for producng an ,nbred nta ze i,n 
! .„ hv crossino inbred maize line PH5TG with a second n,a,ze 

plant and growing the progeny seed, and repeating .he cross.ng and 9-". m«h= 

^ ^ , . frr.m n tr ^ tines Thus any such methods 

the inbred maize line PH5TG-denved plant from 0 to . times V 

. ■ lin. PH^Tfi are Dart of this invention: selfing, backcrosses. 
usina the inbred maize line PH5lb are pan ui i 

I production, crosses to popula.ions. and tbe li.e. Ml plants produced .s,ng ,n^^ 
L I PH5Ta as a paren. are witbin .be scope o, .bis invention. ,r^t^ pl* 
Heri„ed .ron, rnbred maize line PH5TG. Advantageously, .be ,nbred ma,ze line ,s used 
. K different, maize inbreds to produce first gene.a.ion (F,, ma,ze 

huhriH .PPds and Dlants with superior characteristics. 

., .f thP invention is a single gene conversion o. 

A runner emuuuimciK — 
introgression of tbe maize plant disclosed herein in which tbe gene or genes of interes 
n - -eslred trait, are introduced through tradit,ona, (non.trans,ormat,on^ 

3„cb as baccrossing (Hallauer e, . 1.8S,. One or m.e ^^^^^ 

. HpciroH traits transferred through this 

may be introduced using these lecn.nques. Je.ir.- -.d... 

process include, but are no. limited to, waxy starch, nutritional ---emenK^u. . 
nbancements, disease resistance. Insect resistance, herbicide -tab^ V 
enhancements. Tbe gene o, interest is transferred from tbe donor p re^ o 
recurrent paren, in this case, the maize plan, disclosed herein. These s,ng ge^ « 
™y result from either tbe transfer o, a dominant allele or a recess,.e allele. SeleCo 
Z^en, c.n.aining .be trait of interest is done by d,rect selection for a trart assocat 

.. . r..!-^*:^^ nrnnonv for 3 trait that IS iransieiieu via « 

allele such as the waxy starcn cna(aui«..:.uo, - ^ 

loss .0 de.ermine wblch plan,s car. .he recess,ve alleles, 

f t n in c. .-^rp-^sive backf^ross generations to determine tne 
require additional progeny testing in successive oacK.. y 

nrp<?ence of the qene of interest. 

t should be understood that tbe ,nbred can, through routine man,pu,at,on f 
cytoplasm, cr ether factors, be produced in a male-sterlle form. Such embedments 

. . . -.u:.. ^^^r>p r>i thp nrp^^fiPlt claims. 

are also contempiatea wiuim Duw^e ^. ...^ r- --- 
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AS used heren the te-m plant includes plant cells, plant protoplasts, plant cell 
.,ssue cultures .rem which maize plants can Pe regenerated, plan, calil. plan, clumps, 
and plan, cells that are intac, In plants or parts o, plants, such as embryos, poien, 
ovules, seeds, flowers, kernels, ears, cobs, leaves, husks, stalks, roots, roo, .,ps, 

anthers, silk and the like. 

ouncan. Williams. Zehr. and Widholm. Planta ,1985) 165:322-332 reflects tha, 
„,., .K. cultured that produced callus were capable of plant regeneratron. 
subsequent expenments with both inbreds and hybrids produced 91% regenerate 
at 1. produced plants. In a further study in 1988. Songstad. Duncan . Widholm ,n 
P,a„, Ce» Reports ,1988), 7:262-265 reports several media additions ,hat enhanr. 
regene,ab,l,ty o, callus o, two inbred lines. Other published reports also ,nd,cat d 
■nontraditional- tissues are capable of producing somatic embn^ogenesrs an pan 
,ege„erat,on. K,P. Rao, et al., Marze Ge„e„cs Cooperafron 

,n somatic embryogenesis from glume callus cultures and B.V. Conger, e, 
r «a.J Ce» Reports. 6:345-347 (1987) indicates somatic embryogenesis from the 
: ■ ,, , „„men,s. Thus, it is clear from the ,i,erature that ,ne s.a,e 

tissue CUltuit^b Ui mai^^ --jj , 

0, the art is such that these methods o, obtaining plants are, and were, conventronal 
the sense that they are routinely used and have a very high rate of success. 

Trssue culture of maize Is described ,n European Patent Applrcatron, publrcatron 

■ ^ . u , „,„o-r= uaiTB tissue culture procedures are also 
160,390, incorporated herein oy re.c.euCo. ...a„ 

described in Green and Rhodes, -Plan, Regeneration in Tissue Culture o, Ma.ze, Marze 
,or BWog/ca, Research (Plant Molecular Biology Association, Char,ottesvi«e, Vrrgrnra 
,g32, at 367-372, and in Duncan, et al.. The Production o, "'^ 
Regeneration from Immature Embryos of Numerous Zea Mays Genofypes, 165 Ha., 
322 332 (1985) Thus. anCher aspec, of this Invention is ,o provide cells whrch upon 
growth and differentiation produce maize plants having the physiological and 

PH5TG. 



The utility ot inorea mai<iB mic 

species commonly, suitable species will be of the family Graminaceae, and especal.y 

7 TWnc^-,/m Co/x Schierachne. Polytoca, Chionachne, and 
of the genera Zea, Tnpsa^um, Co/x, 5cn.e. . . 

mobaCne, of the tnbe Maydeae. Potentially suitable for crosses w,th PH5TG may 
the various vaneties of grain sorghum, Sorghum bicolor{l.) Moench. 

Transformation of Maize 

... ..,.e.» .f n.ni.r.nlar bioloQical techniques that have allov^ed the 

Willi Lnt; duvbiii - ■ f t 

isolation and charac,enza.ion o, genes ,ha. encode specifrc prote,n products, scentrsts 
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• 

in ,he feld of plant biology developed a strong Interest In engineering the genome of 
plants to contain and express foreign genes^ or additional, or n^odifed versions o, na.,^ 
or endogenous genes (perhaps driven by different promoters) in order to alter the traits 
of a plant in a specific manner. Such foreign, additional and/or modified genes are 
referred to herein collectively as "transgehes-. Over the last fifteen io t..anty years 
several methods for producing transgenic plants have been developed, and the presen 
i„ „,r,icMlar embodiments, also relates to transformed versions of the claimed 

II I vci mv->i >T I' ■ t^*-*' 

inbred maize line PH5TG. 

Plant transfomtaton involves the construction of an expression vector which will 
function in plant cells. Such a vector comprises Dl^A comprising a gene under control 
of or operatively linked to a regulatory element (for example, a promote,). The 
expression vector may contain one or more such cperably linked gene/regulator, 
element combinations The vector(s) may be in the form of a plasmid, and can e 
„s.H ,i„„. or in combination with other plasmids, to provide transformed maize plants, 
usino transfomration methods as described below to Incorporate transgenes into the 

ntfsV 

geneiiL; [iidicucii ui im*^.* — i v-/ 

Expression Vectors For Maize Transformation 

i\/larker Genes 

Expression vectors Include at least one genetic marker, operably linked to a 

, . tt^ot oiiQivc transformed cells containing 

) regulatory element (a promoter, lor exampie; t„a. .,.OJv- -d..-.- 

the marker to be either recovered by negative selection, i.e. inhibiting growth of cells 
that do not contain the selectable marker gene, or by positive selection, i.e., screening 
for the product encoded by the genetic marker. Many commonly used selectable 
marker genes for plant transformation are well known in the transformation arts, and 
3 include, for example, genes that code for enzymes that metabolically detoxify a select.ve 
chemical agent which may be an antibiotic or a herbicide, or genes that encode an 
t.t„„ fh. Inhibitor A few Dositive selection methods are 

also known in the art. . 

one commonly used selectable marker gene fo, plant transfomration ,s the 

,„ neomycin phosphotransferase II (npfll) gene, isolated from transposon Tn5, which when 
placed under the control of plant regulatory signals confers resistance to kanamycia 
Fraley el el Proc. Nat, /(cad. SC. U S A , m 4803 (1983). Another commonly used 
selectable marker gene is the hygromycin phosphotransferase gene which confe. 

u.,„,.^„.in \/=>nHpn Fl7en ef a/., Plant Mol. BioL. 5; 299 

resistance to tne aniiDiuuL iiyyiumyui... - 

35 (1985). 
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Additional selectabie marke, genes of bacterial origin that confer resistance to 
antibiCcs indode gen.a.ycin ace,,, transferase. — ^/^-^^ j;^^^ 
a^inoflivcoside. 3' -aden,, transferase, tne bieomydn -is-ance deter^nan H 
e, a/ P/an, P/rysW. 1216 iW. Jones et a/., Mo/. Ge.. (.e„e,., ^. .... ,. 
Svab e, a,.. Pfa.f Mo,.. 6/0,.. U: 197 (1990), Hi«e ef a,., P,ant MO, B« 7 
Other selecabie marker genes confer resistance to herbi*s s.c as glypbosa^, 
, K„v„„i, r.„n«i e( a/.. IValure 317: 741-744 (1985), Gordon-Kamm e, a/, 

qiuiu&iMcJLc v^i ^.-'v _ ..^^r.. 

P/am Ce« 2: 603-618 (1990) and StaiKer a, a,., Sc/enoem419-4.. t .-o,. 

Otber selectable marKer genes for plan, transformation are not of baCe al 
origin These genes include, for example, mouse dihydrofolate reductase, plant 5 - 
a:,p,ru.lshi.lmate-3 -phosphate synthase and plan, acfolactate ^'^^ 

, ^ . lo.RTHQftT'i 9hah e( a/ Sc/ence 233, 478 (lyoo), 
e( a/., Somat/c Ce// Mo/. Genet. 13. 67 (1987), bnan ei d/., 

Charftst e( a/.. Plant Cell Rep. 8; 643 (1990). 

' .....r H... of marker .er^es for plar^t trar.sforr.ation require screening 
nrlmotivelv transformed plant ceiis rather than direct genetic selection ot 

: , ■ . ,..;.».n.. to . tnxic substance such as an antibiotic, i neb« 
transTormea ceiib lui ico,oi«.."- — -- ^:„„nfa 
genes are padioulady useful to quantify or visualize the spatial pattern o, expression of 

an be fused to a gene or gene regulate, seguence for the Investigation o ge 

. . .c^e-pinn nrpsumotivelv transformed cells 

exoression Commonly used genes lOi oC.ev.n,.is, , . 

Ide Nlucuronidase (OUS, p-galac,osidase, luciferase and chloramphenicol 
ace,yl,rans,erase. Jefferson, R.A., P,an, Mo,. «, Rep. 5: ^^1987, Te. e a^ 
EMSO J. 8: 343 (1989), Koncz et a/.. Pre. «. ^cad So/. U.S.A. 84:»1 ( «A De 
Bloc* e, B.BO J 3: 1681 (1984). Anofher approach ,o the ,den.fica.ion o 
relatively rare transfomration even.s has been use of a gene fhat encodes a dom, a t 
constitutive regulator of the Zea r.a/s anthocyanin pigmen,a,ion palhway. Udw,9 e, a/., 

* « f M ^ ^ \ 

Recently in vivo methoas lor vibudn^.ny 

des,nrct,on o, plant tissue have been made available. Molecular P'*- ^^^^ °" 
, 2m imagene Green™, p. 1-4 (1993) and Naleway e, a/, J. Ce,. B/o/115: 151a (19 ). 
However, these . v,vo methods for visualizing GUS activity have not proven useful ^r 
,ec„ve. of transformed cells because of low sensitivity, high fluorescent backgrounds, 

and limitations associated with the use of luciferase genes as ^^^^'^^^^ 

PitinrP-^cent Protein (GFP) has Deen 
More recently, a gene encuumy v^.— 

. Uilized as a marker for gene expression ,n prokaryolic and euka^otic cells. Chalf. 
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markers. 

Promoters . . 

■ • ..Hnr^ must be driven by a nucleotiae sequence 

r,onP^ indiided in expression vectors must De anv« y ^ ^^ ^^ 

are now v^ell knov^n in the transformation arts, as are y 

mcqH ainnp or in cotnuiiiciuun v..u. , ^ 

,„ ..er p.o,e:„s .0 i«e .«.np n, A P « P ^^^^^ 
initiating transcription in plant cells. Examples 

control ,nc..e promoters ..a. pre,eren.,all, ^ ^ ^ s.cH 

.„vp- roct= seeds fibers, xylem vessels, tracheids. or sderencnynna 

as ,eave. root, e H,ia,e transcnpton 

^~:!:::::r::;r;e;;::sniss.e.spec,,ic^A.^^^ 

" ''"'>""'"'"■ ' . i„ one or more organs, for example, 

pnma* drives expression in ^ is „„der 

r tr ^mp r — al conditions ,.at ma, effect 

environmental control. Examples presence of 

— n . in.ci«e promoters ^ i„^^^^^^^^^^^^^^^^^ 

» llg.. Tiss.-sp.ci,ic, promoter Is a 

constitute the class of -non-conslitutive promoters, 
promoter whioH is active under most environmental conditions. 

:„ opera. .0 . .... expression in mai.. 

« option: — P.™ter ,s opera. Led - ™— 
a s^-l sequence Is opera, linked to a .-e ~»n ^ ^^^^^^^ 
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Any inducible promoter can be used in me ,ii»-. - - 

Mo/ B/0122- 361-366 (1993)^ ^^^""'^ ' 
" tb^Tom tne ACEI system ^^^^'l Z^ZZ^^ 
4567.4671 (1993)); In2 gene from maize wbicb respond 

nerbiclde safeners (Hershey e« a/., Mof. Gen Genete 22L229 237 (19 ) 

, MIR 1109411 or Tet repressor from Tn10(6atzetai., 
e, a,.. Mo,. Gen. Gene„cs 241 32-38 (1 94 or ^^^^^^ ^^^^^^^ , ^ 

A^^; rpn r^pnet 227- 229-237 (lyyi)- ^ pc^muuic., 

"tbltp^^ds to an inducing agent to wbicb plants do no. normally respond 
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aene the transcriptional activity of whi.h is inducea oy y 
L:...., Pro. A/a(/. Acad. Sd.aS.A 88: 0421 (1991). 

QtitiitivG Promoters . _ 

lo— .0.0. ,s ope... .o a .„e ,o, e.-c^-^^^^^^^ 

. . ^ n nonp fnr exoression in maize. 

..... coos«ve p.o.o.e. - » ^ " "^^^ 

,,985, and p,o™.e. ... ^ ^^^^^^ 

16-^-171 nggO)); ubiquitm (Christensen ei di., 

^ ^ ■ ,.3, pj,ntMoi 8,0/. 18: 675-689 (1992)): PEMU (Lasted a/.. TheorApp 
.nnstensen a ^/a^^^ ' ^^^^ . 3: 2723-2730 (1984)) and 

Genet 81: 581-b«« -A^ ^ ,76 285 (1992) and Atanassova 

. .„ , „notit Mol. Gen. Genet. 231. 27b-2Bb [\^^^) 
maize mo nibiunc v-^-k^ ' 

said Xbal/Ncol fragment), represents a particularly 

PCT application WO96/30530. 

r Tissue-specific or Tissue-Preferred Promoters 

Mi r P fic P-oter is opera.y I.Ked to a gene for expression ,n .a,^ 
A tissue specinu ^ nucleotide sequence 

Any tissue-specfc or .issue-preferred promote, car, ....^^^ 

fi. nr ti^ue-oreferred promoters include, but are not 
invention, Exennpia. trssue-spe* or tssu P^^ ^^^^^^ 
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invention. Exemplary t,ssu«-.p~..^ ; ^, 

„™,ed ,0, a root-preterred promoter, s.ch as tnat from th P« - ^ 
scence 23: 476-482 ,,983, and Sengup.-Gopaian e a,,, « ^_ 
-3-24 0.. a , ea..^^^^^^^^^^^^^ 

or r*co (Simpson et al, EMBO J, fflj], ^^^^^^ 

3,8: 679-682 ,1985)); an anther-spe* promoter s„u, „ ^ ^ ^ 
« Gen Gene,, 217: 240-245 (,989),; a pollen-speCtc promoter such 
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propter such as .ha. from a„ (Twel, et aL Sex P/an« Reprod 6, 217-224 (1993,. 
l„a, sequences For Targeting Proteins to Subcellular Compartments 

" A hutran^npnes to a subcellular companmeiu:,uo,, 

TmnsDort of protein produced by transgenes lo d 

„ ^K,nvuc:nmp ceil Wall or mitocnonanuii, ui lu. 
as the chloroplast, vacuole, peroxisome, glyoxysome, ceii wd. 

1 J..e apoplas., . acco..s.e. ™a„s o, opera« . e n. - 

,. . ...„„.i .„..,on.P to the 5' and/or 3' region of a gene encoding the 

coniionrp pncoaincj a biynai oi-m"^'— - - 

" ♦ *ho anri/or 3' end of the structural gene 

protein of interest. Targeting sequences at the 5 and/or en 

.ay determine, during protein synthesis and processing, where ^ J 
..Leiy compartmentalized. The presence of a signal sequence ^^^^ 
, either an intracellular organelle or subcellular compartment or 
apoplast. Many signa. sequences are ^^^^^^^^ 'Z^Z^l^ 
Pisnt Mol Biom 49 ^^^^^^ niizalTo^^ Alpha-Amylase 
(1993), Knox, u, ei a;., ouuo.u.e .... -.J- p,^„f pMt/s/o/91' 124- 

_ o„,i„-,.. D,w A/o/ Rial. 9: 3-17 (1987), Lemer et a/., P/anf Physio/.91. 

uene. nu„i u.„., , . _ - ^^^^^^ ^^^^^ ^^^^ ^^^^ ^,3^ 

129(1989),Fontesefa/.,P/ar,rue;/..^oo-...v.>^^v, 

. , » D,w in«- ifif^? (1989 Creissen et al., nanu. 
c^; RR- n991) Gould et al., J. Cell Biol 108. ibs/ pyoaj, 
Sc/. 88. 834 (1991), ^ Smith A., "A short ammo 

2: 129 (1991), Kalderon, D., Robers, B., 3^.^^3,_ , , 

acid sequence able to specify nuCear location , C. 3^^_^^^^^^^^^ ^^^^^^^ 
R.z-Av,la, L, Raz R., VaI.es M., Gomez Pages ^-^^^^ ^ 
M., Landale Nelson T.. and Puigdomenech essio -f 

hydroxyproline-rich glycoprotein gene m early leaf and 
differentiation". P/a«(Ce// 2: 785-793 (1990). 

Fnreian Protein Genes and Agronomic Genes 
, " " .Mra.s,en,cp,an.sac»r*,.o..eprese„..ven.io„, a ,ore.n^e,n can 

. Thii.; tpchniaues for the selection ana 
hp oroduced in commercial quantities. Thus, tecnnique^ 
be proaucea n .„ ..„^„..t.„H in thP art. vield a plurality 
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of transqenic plants which are harvested in a convenuuu.i mc,,,,.., - ^ ^ 

: . e.ac.e. ... . ... o. .... . ^^^^ 

e..rac.ion from pian. biomass can Pe acoompl.shed ^» ™- 
.scsse. ,„r example, b, Hene, an. Orr, Ms,. «oc.e.. m 92-6 « 1 

According .0 a preferred embodlmen.. the .ransgen.c plan. pro«ded ,0 
.„.e" prodlcion 0, .ore.n pro.ein is nraize. In ano.ber preferred e— 
,he biomass of irteres. is seed. For .be reia.vc, .m„. ...... _ 

Show bigber levels 0. expression, a genelic map can be genera.ed, pnmanly 
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Reacon (PCR) analysis, and Simple Sequence Repe* (SSR w 

.porox,ma.e ch,o.osomai location o. .he in.eg,a.ed DNA — ^^7^ 

lodoiooies ,n .his .ga.d, see G,i* and Thon,pson. — 

MOLECULAR BIOLOGY AND BIOTECHNOLOGY 269-284 ,UK. r,.», 

Ra. «, Map i— n c— chro— I localion is use., ,or propneta. 

^* ■ . . ,„.„.ni.. nIanL If unaulhorized propagation is undertaken and 

nrnmCTIon ui d suujooi u^..-^ , ^ ^^^roH 

bosses made with other germplasn,, the map of the in.egra.ion region can o. 

crosses maoe wi. » , . . „ ,u„ tavp a common parenBge 

,0 Similar maps for suspec. plants, to detem.ne if the latter hav 

wi.h ,he subiec, plant. Map comparisons would involve hyhndizafions, RFLP, PCR. 

SSR and sequencing, all of which are conventional techniques. 

Likewise by means of the presen. invenUon. agronomrc genes can be 
,n tra sfoled Plants. More panlculady. plants can be genetically engineer 
' : „..„.ypes 0, agronomic interesL Exemplar genes implicated ,n th,s 
....r. inH, hut are not limited to, those categorized below. 

_. - V- R>.s's-an>-^ TO P.sts or Diseas. And That Encode: 

— ;;;;^;;r7^enses are onen activate b 
3,c,fi c teraction between the product o, a disease resistance gene ,R, in the plan 
a d the product o, a correspondrng avirulence ,Avr, gene in the pathoge. I 

^ . , npne to pnaineer plants that are 

variety can be transformed with clonea rebi.--. ye„e .0 . .. 

sistant to specfic pathogen strains. See, for example Jones et ai., ^^^^^^^^^ 

4) (Cloning of the tomato Cf.9 gene for resistance to Cadospon- fu .um. Ma. 

r 9,2- 1432 (1993) (tomato Pto gene for resistance to Pseudomonas 
et al.. Science 262. 1432 (iyyj) U"" « 

syrrngae pv. tomato encodes a protein kinase): Mindnnos e. a/.. Cell 78. (199 
,A«l,/dops,s RSP2 gene for resistance to Pseudomonas synngae). 

A Sac,»us ..n„.e„s,s protein, a derivattve th reo or syn. 



r.eiser e( a/., Gene 48: 109 (1986), 
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who disclose the cloning and nucleotide sequenoe o, = 
ONA molecules encoding .endotoxin genes can be purchased Amen«n T,pe 

Culture Collection (Rockville, MD), for example, unde, ATCC Ac._- . 

67136, 31995 and 31998. ^^^^ p,^^^ 

(C) A lectin. See, for example, the disclosure oy 

A.o,ec. bL. 2. 25 (1994), who disclose the nucleotide sequences of several C/.a 
m/n/ata mannose-binding lectin genes. 

(D) A vitamin-binding protein such as avid.n. See POi PP 

28 





US93/0648r ,.e contents of which are hereb, incorporated by. The application teaches 
the use o( a»Wh and avidin horhologues as larvicides against insect pests. 

An eh..e :nh«or, tor exan,p,e, a protease :nh,bito, » an a. ase 
see. tor example, Abe a,., J. Cem. ^ — 
sequence of rice cysteine proteinase inhibitor), Huub e, al., Han. MO,ec, ^, ... 

; ; cleotlde -uence of cDNA encoding tobacco proteinase inhibitor „, and 
" ' ., „,..., R-nn^em, 57: 1243 (1993) (nucleotide sequence of 

Sijmitani et a/., oiuoor. ^.w...-.- - - — 
c^/rpnfnmvces n/Yrosporeus a-amyiase inhibitor). 

' 7 An ihsect-specific hormone or phe,o.one such as an ecdysterord and 
, , J hormone, a .ariant thereof, a n,in,e,c based thereof or an an.go™s o 
agonis, thereof. See, for e.a.p,e, the disclosure by Hantnroc e. al., Na^ e M^^ 
,,990), of bacuiovirus expression of cloned juvenile hormone esterase, an ,nact,»ator 

juvenile hormone. . pynrP<;sion 

^ ... ;„....cn.nfin neotide or neuropeptide whicn, upon expression, 

■ , f thP .ffPcted oest For example, see the disclosures of 

tho nh\/c;inlnnv of the aneciea ptj^i. 

u.,u..o K..- -.^ ^^^^.^^ ^,d.„g for insect 

Reaan J. Biol. Chem. m- » V'^^'-*^ v^/^K■— - - ■ 

.pntor^ and Pratt et al , Biochem. Biophys. Res. Comm.163. 1243 
diuretic hormone receptor), and Prau ei d/„ ,ic natent 

0989) (an allostatin is ,dehtified in Dipper. P-nfafa). See also U.S. pa en 
rLe,317 to Ton,alsKi e, e, who disclose genes encoding insect-speCtc, para,,. 

" """7- Ah rnsecfspeclhc veno. produced in nature b, a sna.e, a wasp, efc. 
Por exLple, see Pang et al„ Gene m 165 (1992), for dis*sure o, helerologous 
expression in plants of a gene coding for a scorpion insectotoxic pep.*, 

„) An enzyme responsible for an hyperaccumu.a.ion of a moh.erpene, 
, sesgui.lU. a steroid, hydroxamic acd, a phenylpropanold derivative or another non- 
p,o.eln.o.culewi.hihsec.lc,dalaavi.y ^^^^^^^^ ^^^^^^^ ^ 

Edification, of a biologically aCve ^ 
p,oteo,y«c enzyme, a l,polyt,c -^^^^J* ^ 

30 esterase, a hydrolase, a phosphatase, a kinase, a phosp ry ^ 

elastase a chitinase and a giucanase, whether natural or synthe.,o See PC 
app ic^^on WO 93,02197 ,n the name of Scott et a,, which discloses the nuCeo ,d 
rofacallasegene ONA molecules wh,ch conta.n ch,tinase-encod, 

^ , , fr^r^ tho ATCC under Accession Nos, 3963^ 
sequences can be obtainea, tor ex.,n,,c, 

3, and 67152. See also Kramer el., Insect Bioc^e.. Mo/ec. B,o,.23: 691 (1993), 
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, seauence of a cDNA encoding tobacco hookworm ch,l,nase, and 
teach the nucleotide sequence o ^^^^^ 

Kawalleck el a/-, Ha"! Mo/ec- aol 21. 673 (19SJ). w 

/h/4-2 Dolvubiquitin gene. 

. molecule that stimulates signal transduction. ^ 

' ■ o- * o^. 7c;7 nqq4^ of nucieoiiae btJMuc.uw 

..Closure .y Botella . a,., P/a. M0.0. -0^^^^^' ,,^3,,^.. 

for mung bean calmodulin cDNA clones, and Gness a 

.,.„*.^.connpnre of a maize calmodulin CDNA Clone. 

/^r,n,(\ >.,hn nrnvifle ine nUUCUiiuo o^vi ,.,^r^cnc77R 

Vi3=t;, ».M- pp..p aoplication vvuaj/iu<.v^ 

A hv*ophoOic n,o„^^^^ ^J^^^ ^^^^ ^^.^„^^„, 

„3c,os.e 0, '^'^^^^^^Jl^^Z.^^^^c an,l.cro«a, peptides tM co* 

:::::::;::.r:™conJ o, a. he.. — . 

.h.nnpl former or a channel blocker. For 

« rriL 

'^"^'^ :::: : e„«de ana., ,0 tende. transgenic .ohac» plants 

expression ui d 00^..^^^.- r ^ . ■ 
resistant to Psetrdomonas so/anaoearum, 

example, the accumulation of vrral coat p 

resistance to viral Infection and,o, disease ^-lopmen, ,fe.ed ^ 

rir:::— pia^si^ainsta..^ 

tobacco streak vlrtis, potato virus X. potato vrrus Y, tobacco 

""^ ::::i:rcL!ntlbodv or an immuno.o»n derived theretrom Thus, 

0) An inseci speun .u,. incprt out would inactivate an 

ah antibodv targeted to a critrcal metabolic ,unct,on in the inse. . ^^^^^^^ ^^^^ 

SYMPOSIUM ON MOLECULAR '^^^^^^^ of single- 
Scotland, t994) (enzymatic inaction in transgenic .obacc» P 
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chain antibody fragments). javladoraki et a/., Nature 

/m A virus-specific antibody. See, for example, M 

^ ' ni=.nts expressing recombinant antibody 

366: 469 (1993), who show that transgenic plants express g 

genes are protected from virus attack. ^^^^^^ ^ ^^^^^^^^ ^ 

(Q) A developmental-arrestive p,u.-„ _ ^ ^^^^^^^ 

parasite. Thus, fungal endo a-1 ,4-D-polygalacturonases facilitate fung 

"^0 



See Lamb e( al, S/a/Tectao(ogy 10- 1436 (199/) 9 

, „,pe .hi* encodes a bean endopo,y8alac.uronase-inbib,„n9 pro.e,n ,s descnbed by 

T^nhart P/ a/ P/ant J. 2: 367 (1992). ^ 
■ ,R) " ■ A deve,op.en,a,.a,res.ive protein produced in nature b, a plan,, ro, 

K ..^„in- ^n^^ (1992) have Shown that transgenic 
example, Logemann et a/., B,onechnology 10. 305 (1992), 

. ., . . ;^,..nmp.inadivatina qene have an increased resistance 

f>lQntc pynrftSSina int: uancy i.t^w^vv"- 

fungal disease. 

■ (A, A berbidde .bat inbibite tbe growing point or meristem. sue as an 

„„n„l, „ea Exemplary genes in tbis category code for mutant ALS 
imidazalinone or a sulfonylurea, bxempiary u 

and AHAS enz^e as descnbed. for example, by Lee et a/.,MO 1 L 1241 (1988), 

■rt uiki e( a' T/ie"r App/ Genet 80: 449 (1990), respectively. 
„d M,K, ef _ 5,„o,pyruyl-3.pbospbikima.e 

..CO. .nH ..n. oenes, respectively) and other phosphono compounds 

15 syruna.« . - - _ ^^^^^^^^^ ^^^^^ streptomyces 

such as qlufosinate (phospninoinnun a^.^y> - 

C Jc. Pbospbinotbrlcn acety, transferase (bar, genes,, and pyn ™xy J 
p enox, proprlonic acids and cyclosbexones (ACCase inbibitor.ncod.ng genes). See^ 

for example, u.o p , „.wapre A DNA molecule 

,0 seguence of a form o, EPSP ^icb can ^^'^^^^^^^^ 33,5, 3„d 
encoding a mutant aroA gene can be obtained under ATCC accession 
,e nucleotide seguence of tbe mutant gene Is disclosed in U.. paten No^.a.O 1. 
Comal. European patent application Ho, 0 333 033 to Kumada ^'^^'J^^ 
NO 4 975 374 to Goodman et at. disclose nucleotide sequences of glutamine 
. ;bere genes wbicb confer resistance .0 berbicides sucb as L-pbospbino. rici. 
— seguence Of a Pbospblno—^^^^ 

7- 61 (1989) describe the production ot transgenic p:...^ 

Marshall e(a/.,T/,eor.App/. Genet 83: 435 (1992). ,nd os* 

,C, A herbicide that inhibits pho.osyntbesis, such as a tnazine ps A a d 

^ ' ... n,.,K;,io P/anf Ce// 3: 169 (1991). 

aenes) and a benzonitnle (nitnlase gen^;. r,.,u,„. • ^ 

„ Tesl .he transformation 0. C«a.ydo,„onas with plasmids encoding mutant psM 
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„e„es Nucleotide sequences fo, ni,*se ge.es are disclosed in U^S. palan, No, 
4 810,648 10 saker, and DNA monies con,aln,ng Ihese genes are available under 
ATCC Accession Nos, 53435, 67441 and 67442. Cloning and expression o DNA 
coding for a glutathione S-transferase Is descnbed by Hayes e, el.. B/oc.e,-.. ^: 

173(1992). „ 
3 T.,. r.n,.r or C Ir Tn A 

,rid metabolism, for example, by transforming a plant with 

(/-V) |VIUUIIl^J»-« t^^'-j ^ 

an antlsense gene of stearoyl-ACP desafurase to increase stearic acd content o, ,„e 
plant, see Knuteon el a/,. P-oc, Na«. Aced. Sc, USA 89: 2624 (1992), 
(B) Decreased phytate content 

(1) introduction of a phytase-encoding gene would enhance 
.ea.down of phytate, add,ng .ore free phosphate *o - transfor^e^^^^^^^^ For 
example, see Van Hartingsveldt et a/., Gene W: 87 (1^^^), for a disclosure o, .h. 

.p^, jgnr^o nf AfineroHlus niqer phytase gene. 

(2) A gene could be introduced that reduces phytate content. In 
. , , " ....,/-.,.MK«...nmnii..hPd.bv cloning and then reintroducing UNA 

maize, this, tor exampiB,ouu,uu^«vv.v.,,.r. . - _,,twc 

associated -h the single allele which is responsible for -ze mu«s 
Characterized by low levels of phytic add. See Raboy ef al., Maydroa 35: 383 (19 0). 
,C) Modified carbohydrate composiSon effected, for example, by 

^..v,^^ thc»t ^Wrvc. the branching pattern 

transforming plants with a gene coding for an 

of starch see Shiroza ef a/.. J. Bacfe*/. UO: 810 (1988) (nucleotide sequence of 
S,repfococc„s ™(ans fructosyltransferase gene), Steinmetz ef al.. Mol Gen. Gene , 
200- 220 (1985) (nucleotide sequence of Bacfc subim leyansucrase gene). Pen eta . 
^eclrno/ogy 10: 292 (1992) (production of transgenic plants that express Sac. .s 
„c— .amylase). Bio, e, a,., P,an. Mo,ec, B«. 21: 515 ("^^^ 
sequences of tomato Inyenase genes,, Sogaard e,a,„ J. Biol. C^em, 266: 22480 (1993 
^ . . , =.nH n<^her et al.. Plant Physiol. 

102: 1045 (1993) (maize endosperm starch Drancning enzyme 
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Methods for Maize Transformation 

Numerous methods for plant transformation have been developed, including 
.ological and physical, plant ,rans,orma«on protocols. See, for example, « ef a. 
■Procedures for Introducing Foreign DNA Into Plants" in Met^o* .n Pie., Mo,e .-ar 

^' . _ . ^, I c PHc ir.RC. Press. Inc., 

Biology and Biotechnology, Click, B.K. ana inun„.u„, o... ^ 

Boca Raton, 1993) pages 67-88. In addition, expression vectors and ,n .tro culture 
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1 ^ 

1 ^ 
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methods for plant cell or tissue transformation and regeneration of plants are available. 
See for example, Gruber ef a/., "Vectors for Plant Transformation" in mhods in Plant 
Molecular Biology and Biotechnology, Click, B.R. and Thompson. J.E. Eds. (CRC Press. 

Inc., Boca Raton, 1993) pages 89-119. 

A Agfobacfer/u/77-mediated Transformation 

One method for introducing an expression vector into plants is based on the 
.„....^.,i.n .v.t«m of Aarobactenum. See, for example, Horsch et ai, 

IldlUlcJi u ai ioi^i 1 1 n^iiw. . -J ^ 

So,e«ce 227: 1229 (1985), A. tumefecions and A *»genes are plan, pathoge-c so,, 
baceria which genetically transform plant cells. The Ti and Ri plasmids of A 
,„mefac«ns and A, r«zoger,es, respectively, carry genes responsible for genetic 
transformation of the plant. See, for example. Kadp, CI,. C* Rev. Pm. SclO. 
(1991) Descnptlons of Agrob,ct.mn< vector systems and methods for 
Agroteden^-mediated gene transfer are provided by Gruber el a/,, s.pra. M,k, el al. 
:..„ ,„H M„,„n»v „( ,/ Plant Celt Reports 8: 238 (1989), See also. U,S, Patent No, 

^ ^qi fi1fi issued Jan. 7, 1997. 

^ , — ■ J - 

Despite the fact the host range for Agrotoclerl.m-mediated translormation is 
broad some maior cereal crop species and gymnosperms have generally been 

recalcitrant to this mode of gene transfer, even though some success has recently been 

. . , . ^, /^.,K^^/p- 97-1. 9ft9 M 994V U.S. Patent 

achieved in rice and maize. Hieiefa;., ;ne r/am .ouma, b. . v-- >■ 

NO 5 591 616, issued Jan. 7, 1997. Several methods of plant transformation, 
collectively referred to as direct gene transfer, have been developed as an alternative to 
^grobacferium-mediated transformation. 

A generally applicable method of plant transformation is micropro)ect.le- 
mediated transformation wherein DNA is carried on the surface of microprojectiles 
measuring 1 to 4 ^m. The expression vector is introduced into plant tissues with a 

nf 300 to 600 m/s which 
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is sufficient to penetrate plant cell walls ana memu.ane^- 
.ec^nol 5 - 27 (1987), Sanford, J,C„ Trends Blofec/r, 6: 299 (1983), Klein et si. 
emec^nolo^y 6: 559-563 (1988), Sanford, XC. P^ys/ol Plan, 79: 206 (1990), Klein el 
a, B/olecfnology 10: 268 (1992), In maize, several target tissues can be bombarded 
with DNA-coated microprojectiles in order to produce transgenic plants, including, for 
example, callus (Type I o, Type II), immature embryos, and meristemat,c tissue, 

. . , H-i:..^„, nMA tn niantc; ip; sonication of target 
Another method tor pnysicai denvciy u, y - 

cells. Zhang et al., Biotechnology 9: 996 (1991). Alternatively, liposome or 
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J62 Direc. up«e o, DNA ln.o p,o.op,as,s .sing CaC, preap,.at.n, 

:,„,„v, alcoho, or po„.L-omi«ne have a,» been reported Ha,n e, a,,. 
o:.etm 161 (1985) and Draper a, a,., P-an, Cell 
,ec,ro;;a,,on o, pro,op,as. and w.o,e ce.s an. .issues have a.so been descr, e. 

, , „, w,„. ,„,„rnational Congress on Plant Cell and Tissue Culture 

iinnn er a;.. Ill Muauai^io v^. — - ^ 

.„ • * / D/onfrp/;4- 1495-1 505(1 yy^;:) ana opein^ci 
lAPTC, A2-38, p 53 (1990); D'Halluin et ai, Plant Cell 4. l4yD lo v 

et ai, Plant Mol. Biol. 24: 51 -61 d 994). 

Following transformation of maize target tissues, expression of the bo 
descnbed selectable marKer genes allows for preferential selection of transformed ce s^ 
les and/or plants, using regeneration and selection methods now well .nown ,n the 
Tor example, transformed maize immature embryos^ 

. .,.„d» .or trans.or.a.ion would .yp.cally be used for producing 

lilt; lUlCUuniy ,.,v^...--t- tU^r 

. .Kr.d lines. Transgenic inbred lines oould .hen be crossed, w,th another 

' ; . .„K„H, in. in order to produce a. ransgenichybro 

(non-transformed or transiuii.i»u,.~.v...... . „,„ , „,rtia.lar 

maize plant Alternatively, a genetic trait which has been engineered ,n,o a panic ar 
I i ne using the foregoing transformafion .echnlgues could be moved ln.o ano.er 
: !s g tradilLal baCcrossing technigues that are well Known in the plan, breedin 
""^ ^ ^ .M , ,s-H to mnvft an enqineered trait 

.r, arts For example, a backcrossing approacn uou.u uS.. .o .i.. . . _ 

pubiic, nUe line in.o an elite line, o, from a hybrid 
.orelgn gene in its genome into a line or lines which do not contain « gene- As e^^ 
here! -crossing- can refer .0 a simple X by Y cross, or .be process 0, backcrossing, 

depending on the context. 

^^'^'t^s human food. lives.oc. feed, and as raw maferia, in indus.. 

n rnn<:,imntion of maize kernels, include 



1^ I nOf-»OI 

I I IC |Jt 11 iv^'K*^' 
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bo.h produCs of dry and wet-miliing inousmes 
.i„in are gnts, mea, and flour. The maize wefmilling industry can pro de ™ 
starch, maize syrups, and dextrose for food use. Maize oil ,s recovered from ™,ze 
germ, which is a by-product of both d^- and wet-milling industries 

Maize, including both grain and non-grain portions of the plant, is al 
extensively as livesto* feed, primarily for beef cattle, dai. cattle, bogs, and pou r,. 

. , ^,.M;^n Pthanni. maize starch in the wet 

Industrial uses of maize inciuuy pi uuuu.iv.,,^ 
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™ize s,ar* and flour are based on functional properties, such as v,scos„, frim 
ro lio adhesive properties, and aM.ty to suspend partiotes The .aize starch and 
~ opiication in the paper and textiie industries. Other industrial uses ,nc ude 
,„ adhesives. huiWng .atehais. found, hinders, iaundr, srarcn... 
explosives, oil-well muds, and other mining applications. 

Plan, parts other than the grain of maize are also used ,n industry, fo e an^pl ^ 
. :„,„ „n.r »nd wallboard and cobs are used for fuel and to 

™" Tsl Of ,n.red maize i,ne PHeTO, the plan, produced from the ,nhred seed^ 
hvbl le Plant produced from the crossing o, the inured, h,.rid seed, an 
11 parts Of the hybrid maize plant and transgenic versions o, the foregcng, can be 
utilized for human food, livestock feed, and as a raw material in industry. 
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Perform r.nrf> Fxamples of PHSJG 

,„ ... .vo^n,.. th.t follow, the traits and characteristics of inbre. maize 

^u. ^.♦^ .niiortpH nn inbred maize line PH5lb is 
PH5TG are given as a line. ni« ^^^^ 

presented for the key characteristics and traits. 
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lrib!idCom2§n^^ 

• u A ou^ra to inbred PHRE1. Inbred 
The results in Tabis 2A compare ,nUeci PH5TG o mb e 
™ average and significan.i, be.er ,ie,ds than inbred PHRE, , 

::,::::::::;;,es s.n,ican,„ be»er ea^, growm .ban inbred PHK.r. 
rH;;;::;;oodco,d;es.sc„resand»e..odres^^^^^^^^^^^ 

Tbe resb,.s in Tab. 2B con,pare inbred " ^ ' J. „, „i„ ,ban 



resu,.s ,n w.,.. ^^^^^ ,,^„ 

.^hou/c ?ihnve aveidMt; yic.v^^ - a - 

oMw,... - . nrowui di.u 
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r^Mc-rn .^hou/c ?ihnve aveidMt; yic.vj^ - a - 

.e«e. ea. .an. co.. ,n^. - ^^^^^^^ ^^^^ 

significantly better cold test scores than inbred PHAA 

resistance to stalk lodging. 1^^^^^^ PHSJG 

The results in Table 2C compare inbred PH5TG to .nbred P 

. . 3.e.3^e and significantly higher yields with significantly lower ha^ - 
snows above a.e.a.e a^^^^ 9^^^^ ^^^^^^ ^^^^^ ^^^^^^^^^^^^ ^^^^ g,,^, 

moisture of gram man .nu,cu . , ■ .^^ - 

. , ....,c .innifinantlv better cold test scores than inbred 
Inorea ^^noivj omu*.^ -.^ 

exhibits very good resistance to stalk lodging. 

InbrcdRlIfflg.^ Cnmparisons 

-res*in.ab,e3.c„.are.einbredPH.3.^^ 
each inbred is crossed to the same tester «nes. ,he . H-.c . y 
above average ,ie,d and above average resistance to 

Tbe results in Table 3B compare .be inbred ^ ^' 

:r r : ~s ' Tbe PH=T3 b^nds sbo» .ove average and 
;,„,.„.,,be..erresis.ance,os.al.odging.ban^^^ 

each inbred ,s crossed ,o .he same .ester .nes. ... . ■■^-^^ 
3,„.can.l, higher yield wi.b signi„can.„ 
PH189 hybrids. The PH5TG hybrids show sigmfiuantly bette, 

than the PH189 hybrids. 

Hybrid Comparj sons 

pu^ra rrnssed to inbred PH3PV and 
The results in Table 4A compar. iuu,.u P, ,^ ■ - - 

• u A DUTns The resu ts show the PHi^i'c/rnorv y 
inbred PHAAO crossed to inbred PHTD5. me 

36 
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^5 



U V ■ w — ^ 

PHAA0/PHTD5 hybrid. 3P^ 
The results in Table 4B compare inbred PH5TG crossed 
IT. oMxn. The results show the PH5TG/PH3PV hybnd to 

inhrpri HHKt l OlUbUcu . . . .r^r-x /ni jthk 

above average and si.n.ticantly h.her yields - 
K K H The PH5TG/PH3PV hybrid shows significantly better early stand counts than 
rE1~^^^ The PH5TO/PH3PV hybrid exhibits above average resistance to 
:::XnI.n.cantly better resistance to late season stal. lodging than the 

""^~r:!Table4Cco.p. 
. . 1 " : :i.e^ . PMTHB. The results show the PH5TG/PH3PV hybno to 

inbrea KmrM u..ooe. . tha^ the PH47A/PHTD5 

..nv. .veraae and significantly higher yields than the Kn . 

..nuno.... ;.,„.,f„,,in. The PH5TG/PH3PV hybrid snows 

hybrid, with below average na,v... - . - ^ ^^^i^ exhibits 

better early growth than the PH47A/PHTD5 hybnd. The PH5TG/PH3PV hy 

above average resistance to stalK lodging. 

The results in Table 4D compare inbred PH5TG crossed 

The results PH5TG/PH3PV hybrid to 

• u A DUTni^ rrn<?<;ed to PH18b. Tne let-uus onu.. r. .. 

rPHTD5/PH,85 h,brid. The PH5TG,PH3PV *c« a^ve average ear,, stand 
^ and ex.* a.»e a«a,e .s:s,a„« ,0 s« ,od,n, ^^^^^ 

,e ,es.s :n Ta.e "^^^^^^ „PV ..d .0 

. . . ^, . nncTr./Dw^PN/ hvbrid shows above average eany 
stand counts and exhibits above average re.iM.uo. o.. 
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TABLE 2A 
PAIRED INBRED COnPARISON REPORT 

VARIETY #1 - PH5TG 
VARIETY #2 = PHREl 



TCT TQT EGR 

BU BU 'i. 



iJT WTH 



^« ^^'^ ARS ABS 



7""i R^q" "llB 18.5 56.0 56.6 6.2 

TOTAL SUM 84-9 ^ ^^^g ^ , 3, 8 5.6 



1 1 



A I- 



1 S 



I nrc fif^ bb / ^ 

o'j 0" 0" si 



> T .OOUff .uuu# .uui 



EST 


TIL 


GDU 


r.NT 


LER 


5HD 


ABS 


ABS 


ABS 


37.0 


4.6 


122.2 


36.5 


1.4 


116.6 


60 


32 


77 


c 0 


\i 


78 


0.5 


3-1 


5.6 


.581 


.361 


.000# 



GDU POL POL TAS PLT EAR 

20 Tt sc SZ HT HT 

ABS %MN ABS ABS ABS ABS 



nc r 71; AO 4.5 76-9 31.0 



h ^ 



25 52 52 34 

o"'' 1 52 55 37 

0.0 0.4 13,5 3^5 

;r">T 000#.730 .002# .000# .UUU. .u.. 



RT 

LDG 
ABS 


LRT 

LSC 
ABS 


STA 
GRN 
ABS 


95.8 
\j ^ • ^ 


y . u 
9.0 


/I c 
H . J 

4.9 


20 


1 


J. J 


20 


i 


14.2 


u . u 


A /I 
U . H 

/II ^ 



30 



^Tk" STK STK BRT SCT TEX 

IDS LDG LDL STK GRN EAR 

iSs S ABS ABS ABS ABS 

a' S.3 no 98.1 100.0 



EAR 


BAR 


DRP 


MLD 


PLT 


EAR 


%m 


ABS 


ABS 



TOTAL SU. 1 8-0 - f . ^ s'.B 110 97^4 100.0 



LOGS 2 1 i ; 15 6 12 30 

REPS 2 15 _ 1 , 1; n 7 n 5 0 0.7 0.0 



an Rti^b ^ n in » n 7 0 5 0 u./ u.u 



45 




NLF 
BLT 
ABS 


GOS 
WLT 
ABS 


STW 
WLT 
ABS 


HD 

snT 

ABS 


ERS 
ABS 


ERS 
ABS 


SPT 
ABS 


con 

RST 
ABS 


ECB 
ILF 
ABS 








7 8 


7.3 


97.8 


9.0 


A 7 
H . 1 


6.3 

r n 


5.1 
c c 


7.0 

A ^ 



LOGS ^ ' ^ q 1 5 3 « ^ 

REPS 5 4 6 Q 5 15 2.5 



z 

4 


6 


9 


1.8 


0.2 


1.2 


090* 


.363 


.559 



DIFF l.a^ ^^^^ ■ 899 .500 .049^ 

PR > T .270 



* - 10% SIG 
+ = 5% SIG 

# - 1% SIG 



38 



REPS 



* ^ 10% SIG 
+ = 5% SIG 



20 # = 1 



TABLE 2A (Continued) 
PAIRED INBRED COMPARISON REPORT 

VARIETY #1 = PHSTG 
VARIETY #2 = PHREl 



ECB CLD KSZ 
2SL I ST DCD 
ABS ABS ABS 



TOTAL SUm/'T"" 3.0 87 4 6 3 
2 1.0 oi . J o • ° 



2 29 32 
DIFF 1-S 4.0 0^5 

P\{ > \ .\J\)t .Ov^^ 
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TABLE 2B 
PAIRED INBRED COMPARISON REPORT 

VARIETY #1 - PHSTG 
VARIETY #2 = PHAAO 



BU 
ACR 
ABS 



BU 
ACR 
%MN 



ABS 



Tf T 
I J I 

1 IT A 

w I n 

ABS 



TST 

IJT 

ARS 



EGR 
WTH 
ABS 



EST 
TNT 
ABS 



TIL GDU 
LER SHD 
ABS ABS 



10 


TOTAL SUM 1 

2 


8S.9 
86.6 


114 
115 


18.7 
18.8 


57.8 
56.2 

1 c 


58.6 
57.2 


6.1 
5.4 
6^ 


32.1 
30.9 
60 


8.6 
1.4 
37 


121.1 
117.2 
109 




1 nr c 


fi3 


65 


J. J 




' 4 

0.7 
000# 


r 1 


37 


10^ 


15 


l_ >_' V_ -■■ 

REPS 
DIFF 


67 
0.8 


67 
1 

. 638 


73 
0.1 


15 
1,7 


15 
1.4 
.072* 


•J 1 

1.2 
.022 + 


7.3 
.095* 


3.9 
.000# 


PR > T 


. 742 


.578 


































20 




GDU 
SLK 
ABS 


POL 
WT 
%MN 


POL 
SC 
ABS 


TAS 

SZ 
ABS 


PLT 
HT 
ABS 


EAR 

HT 
ABS 


RT 

LDG 
ABS 


LRT 
LSC 
ABS 


STA 
CRN 
ABS 



TATAI CUM 



25 



1 

2 

LOGS 
REPS 

r\ T r r 

U i I I 

PR > T 



124.5 
118.2 

1 m 
lU / 

1 m 
iU / 



11 3.0 



Oi 

1 ft 

J. V/ 

34 
16 



A n 

2 
2 

1.0 



4.6 78.0 

_ - -1 -« r 

j . i 3 "> 

"70 



30.9 94.8 
29.6 91.3 



70 
1.5 



74 
79 
4.5 



46 
51 

1.3 



15 
lb 
3 5 



9.0 
1 
1 

u.u 



000# .004# .500 .000# .000* .U4b. '*o. 



M . i 

4.0 
28 

n O 
CO 

r\ 1 

U - 1 

7^/1 



30 










STK 


STK 


STK 




LDS 


LDG 


LDL 


'I c 


ABS 


ABS 


ABS 



35 



TOTAL SUM 



40 



1 


8.0 


98 . 2 


2 


7.5 


98.7 


LOGS 


2 


17 


REPS 


2 


17 


DIFF 


0.5 


0.5 






493 



/- t 1 
Di . i 

14.0 
1 
1 

47.1 



BRT 
STK 
ABS 

00 a 
uu . u 

97.2 
IS 
17 
8.6 
.008# 



SCT 
GRN 
ABS 

f; 1 
7.1 

20 

20 
0.9 
.020+ 



TEX 


EAR 


BAR 


DRP 


EAR 


MLD 


PLT 


EAR 


ABS 


%MN 


ABS 


ABS 


S.O 


111 


97.9 


100.0 


6.0 


105 


97.9 


100.0 


6 


23 


35 


3 


6 


23 


35 


3 


1.0 


6 


0.0 


0.0 


.041+ 


.212 


.999 


.999 



45 





NLF 


GOS 




BLT 


WLT 




ABS 


ABS 


1 


ft 1 


7 8 


LOGS 


4 




REPS 


6 


4 


DIFF 


0.6 


0.3 


PR > T 


.080* 


. 500 



* 

+ 

# 



10% SIG 
5% SIG 
1% SIG 



STW HD 
WLT SMT 
ABS ABS 



7.3 97.8 



4 

0.3 
391 



10 
2.2 
267 



FUS 


GIB 


bVt 


ERS 


ERS 


SPT 


ABS 


ABS 


ABS 


6.6 


5.2 


6.3 



7 

0.0 
999 



6 

0.2 
.423 



3 

0.8 
205 



COM CLD 

RST TST 

ABS ABS 

5 2 87.2 

/I c 1 

6 ^tt 

0.7 4.0 

.025+ .043+ 



60 



65 



40 




10 

TOTAL SDM 



1^ 



TABLE 2B (Continued) 
PAIRED INBRED COMPARISON REPORT 

VARIETY #1 - PH5TG 
VARIETY #2 = PHAAO 





KSZ 




DCD 




AB5 


1 


6.1 


2 


4.6 


L. O ^ 




REPS 


30 


DIFF 


1.5 


PR > T 





* = 10% SIG 
+ = 5% SIG 
20 # = 1% 5IG 
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TABLE 2C 
PAIRED INBRED COMPARISON REPORT 



VARIETY #1 - PH5TG 
VARIETY #2 = PH185 



10 



TOTAL SUM 



1 



1 
i 

2 

I Arc 

L U U 

REPS 
DIFF 
PR > 



BU 


BU 


ACR 


ACR 


ABS 


%MN 


79 . 6 


109 


65.3 


91 


42 


42 


45 


45 


14.3 


18 


.000# 


. 000 



ABS 

18.9 
20.1 
47 
50 
1.2 



TST 

I IT- A 

t n 
ABS 



I. IT 

ARS 



54.9 
54.6 



8 

0.2 



i^.r\nu 7 Q 



55.9 

56.0 
ft 

V 

0 

0.1 



EGR 
WTH 
ABS 

6.0 
6.0 
45 

0.1 

.781 



EST 
CNT 
ABS 



TIL GDU 
LER SHD 
ABS ABS 



27.5 
28.0 
44 

c a 

0.5 
.237 



13.1 121.7 
1.3 113^5 



24 

lA 

11.8 
.032* 



83 

84 
8.2 
000# 



20 



GDU 
SLK 
ABS 



POL 
WT 
%MN 



■riT- A 1 C I IM 
U ! Al Ji.J>i 



25 



1 
2 

LOCS 
REPS 

r\ T r r 

Ui r r 
PR > T 



124.8 
114.5 



O 1 

O i 

n 1 
01 



75 
90 

TO 

J I 



1 n 



000# 



1"^ 

004# 



POL 

sc 

ABS 
4.0 

r r\ 



2.0 



TAS 
5Z 
ABS 

4.6 
4 . 3 

56 

56 
0.3 
.007# 



PLT 
HT 
ABS 



EAR 
HT 
ABS 



RT 
LOG 
ABS 



LRT 
LSC 
ABS 



78.8 



—I r\ r\ 



51 

54 
7.9 
000# 



31.5 
28 = 7 

31 
34 

2.8 



98.1 
Q7 n 

7 

7 

1.1 



9.0 
9.0 
1 

U . U 



U02# .356 



STA 
GRN 
ABS 



A ~l 
H . / 

5.1 

^ Q 

J. u 

n A 
U . 



30 



35 



STK 
LDS 
ABS 



STK 
LDG 
ABS 



STK 
LDL 
ABS 



TOTAL SUM 



40 



1 
2 

LOCS 
REPS 
DIFF 
PR > T 



BRT 
STK 
ABS 



J 1 . \j 



8 0 9/. 3 

8.5 99.8 96.2 97.2 



2 
2 

0.5 
.500 



10 
10 



2.5 35.0 
331 



7 
7 

5.6 
233 



SCT 


TEX 


EAR 


GRN 


EAR 


MLD 


ABS 


ABS 


%MN 


5.8 


5.0 


109 


6.8 


5.0 


108 


13 


6 


13 


13 


6 


13 


0.9 


0.0 


1 


.075* 


.999 


.912 



BAR 
PLT 
ABS 



DRP 
EAR 
ABS 



99.1 100.0 

98.2 100.0 
20 1 
20 1 

0.9 0.0 
.241 



45 



NLF GOS 
BLT WLT 
ABS ABS 



STW 
WLT 
ABS 



7 ft 



7 R 



HD 
SMT 
ABS 


FUS 
ERS 
ABS 


GIB 
ERS 
ABS 


EYE 
SPT 
ABS 


COM 
RST 
ABS 


ECB 
ILF 
ABS 


97.8 


6.6 


5.2 


6.3 

r- r 


5.1 


7.0 
^ n 



60 



♦ 

+ 
# 



LOCS 
REPS 
DIFF 

PR > T 



10% SIG 
5% SIG 
1% SIG 



I 
4 

1.5 

374 



z 
4 

2.8 
058* 



5 

0.8 
178 



10 
0.4 
804 



7 

0.4 

658 



6 


3 


a 


1.0 


0.8 


0.2 


729 


.500 


.356 



z 

4.0 



65 



42 



IS 



10 ; 

TOTAL SUM 1 



2 

LQC5 
REPS 
DIFF 
PR > 



* - 10% SIG 
+ - 5% SIG 
70 # = 1% SIG 



TABLE 2C (Continued) 
PAIRED INBRED COMPARISON REPORT 

VARIETY #1 = PH5TG 
VARIETY #2 - PH185 



ECB 


CLD 


KSZ 


2SC 


[St 


rs. /~ r\ 


ABS 


ABS 


ABS 


3.0 


89.4 


7.6 


4.0 


81 .7 


4,0 


i 


ID 


^ -> 

1 / 


T 


16 


17 


1.0 


7,8 


3.6 




O 1 ^ ! 
. U 1 ^ ' 


. w ^- ^ 



43 



TABLE 3A 

, , ro.nar.ng PH5TG To PHREl Crossed 



10 



TOTAL ST. REPS 



1> 



t nrc 

PH5TG 
PHREl 

HT PF 

PR > T 



20 



r,-r,M CUM PFP^ 



LOGS 
PH5TG 
PHREl 
DIFF 



ACR 
ABS 



BU 
ACR 

%m 



MST 



41 
41 

1S7 
2 

0.27 



0 



41 
41 

1 nc 

104 
1 
28 



0 



41 
41 
lOS 
102 
3 
OU 



STA 
GRN 

%m 



STK 
LOG 



BRT 
STK 

%m 



^ \j 
20 
128 
126 
5 

n ^P. 



23 
23 
106 
105 



1 
1 



0 99 



EST 
CNl 



u 



9 
9 

99 
106 
7 

U4 



ECB 

2SC 
ABS 



q 
ft 



bUU 



:)nu 

(VMM 



21 
-> 1 

L i. 
^ rv ^ 

103 
1 

^ n 1 



r nil 

r 1 1/ 
J t- 1^ 



9 

9 

1 n/1 

101 

3 
on 



STK 
CMT 
%MN 



n 



n 



62 
62 
98 

iUZ 

3 

.01 



PLT 


EAR 


HT 


HT 


HT 


IDG 


%MN 


%MN 


%MN 


15 


15 


4 


15 


15 


4 


102 


106 


109 






109 


3 


1 


0 


0.01 


0.62 


0.99 



DRP NLF 

EAR BLT 

%MN ABS 

2 2 

■4 

D I 

100 8 

mo 8 

0 0 

0.99 0.99 



30 



.™ , , ,a,.es are on>, ,o, c.parison, -U. L.cs >• « 



44 



f 




TABLE 3B 



, , ,,,, Performance ro.panns PH5TG To PHAAO Crossed 

^^^^ISe^Srm^brlrresters And Grown In The Sa.e Experiments. 

"ncT'"r.nil' GDU STK PLT ear 

BU BU ^ =Do HT HT 

ACR n.. vo. ...^ ^^-^ 
ABb %MN "^^M'l '<""* - 

,n '^""19 9 2 153 39 39 

TOTAL SUH REPS lH \]] \\\ \l 9 2 153 39 39 

LOGS 111 ^ii /r. inn inn 100 101 102 iU2 



1 ^ 



17fi 10b iUU oj qq 99 

PHMO m 102 101 99 9. - - '3 3 

DIFF 5 _3 1 ^ 10 ^ ^ 0 30 0.00 0.00 0.11 

PR > T 0.01 U.ui 0.U4 u.v, 



STA STK BRT DRP 
20 LDG GRN LOG STK EAR 

%m %m %MN %MN 



RT 
LDG 



T-/~iT A I C 1 IM 
! U ! Z^, L J u I I 



RFP-; 13 48 



25 



LOGS 13 

PHAAO 97 95 

r> T r r /I 11 

Ui r r 

PR > T 0.63 0.09 



30 



46 


13 


-1 

L 


45 


1 < 


-\ 

f 
t 


104 


100 


100 


97 


100 


100 


8 


0 


0 


1.00 


0.99 


0.99 



PR > T values are valid only for comparisons with Locs >= 10 



45 



f 




TABLE 3C 



, n.r.o^parce Companng PH5TG To PH189 Crossed 

"^;iSe^SarinL;dl:;/e5s'AnrGrown l! The Sa.e Experiments. 



10 



TOTAL SUM 



1 ^ 



REPS 
LOGS 

nij c rr 
r I iJ ! 

PH189 
DIFF 
PR > T 



BU 
ACR 
ABS 



BU 
ACR 



Mb i 



r r T 

c:> ) 
CNT 

(VMM 
/oi ii« 



GO'J 

r 1 J Pi 
J 1 1 u 



GDU 

C 1 W 



194 
194 

167 

165 
1 

0.11 



0 



194 
194 
lOU 
99 
1 
13 



194 
194 
99 
101 

L- 

J. 00 



6 
6 

n -) 

100 
7 

0.10 



59 
1 ni 

X W J. 

99 
3 

n nn 



11 
11 
100 
95 
2 

n 09 



STK 

%MN 

225 
225 
99 

0 

0.99 



PLT 
HT 
%MN 



75 
75 
102 

QQ 

4 

).00 



EAR 
HT 

%m 



75 
75 
101 
99 

-> 

0.01 



KT 
LOG 



58 
58 
113 
10/ 
6 

0.17 



20 



-rr\-r A I 

! U I nL 



25 



30 



I ^ 1_ I 

LOGS 

PH5TG 

PH189 

-r 1- r- 

Ui r r 
PR > T 



STA 
GRN 



78 
/8 



STK 
LDG 



82 
1 nn 

J. vy 

99 

7 



BRT 
STK 
%MN 



29 

i :? 
98 

1 nn 

i V V 

1 



0.60 0.04 0.55 



EGB DRP NLF 
2SG EAR BLT 
/i^BS %MN ABS 



12 



9 100 8 

8 100 7 

1 0 1 

0.99 0.09 



*PR > T values are 



valid only for comparisons 



with Locs >= 10 



46 




TABLE 4A 

INBREDS IN HYBRID COMBINATION REPORT 



10 



TOTAL SUM 



1 ^ 
1 



1 

2 

I Mr c 

REPS 
DIFF 
PR > T 



20 



■^n-r A I r 1 1 M 



25 



2 

LOCS 
REPS 

-% T r- r- 

Ui r r 
PR > T 



30 



35 



TOTAL SUM 



40 



VARIETY #1 
VARIETY #2 



PH5TG/PH3PV 
PHAA0/PHTD5 



PRM 
ABS 



PRM 
SHD 
ABS 



BU 
ALK 
t\b:> 



BU 
ACR 
%MN 



ijl r T 

II J 1 

%MN 



84 

87 
5 

r 

J 

3 

049 + 



1 

1 

LOGS 
REPS 
DIFF 
PR > T 



EAR 
HT 



103 

102 
-\ -> 

:> I 

.417 



ABT 
STK 
%MN 



87 
99 
6 
2S 
12 
341 



90 159.0 
88 157.8 
4 99 
4 132 
2 1.2 
071^ -520 



103 
103 

A A 

132 
0 

.999 



96 

101 
1 on 

J. w 

132 
4 

noon 



TST 


GDU 


GDU 






SLK 


ABS 


%MN 


%MN 


53.2 


101 


101 


53.7 


100 


100 


52 


46 


27 




r 1 


7 


79 


U 1 




0.4 


2 


1 



164 .000# .018+ 



ERT 
LSC 
ABS 

5.3 

A 

C 

J 

0 . 5 
.495 



RT 

LDG 
%MN 



LRT 
LSC 
ABS 



STK 
LDS 
ABS 



109 8.4 8.1 



1 r, T 

9 

Q 

7 

,622 



s 

8 

0.2 
.587 



y . :5 
21 
29 

0.2 
.503 



STK 


STK 


EBT 


LDG 


LDL 


STK 


%MN 


%MN 


%MN 


103 


115 


97 


iUU 


97 


100 


39 


14 


1 


44 


24 


4 


3 


18 


3 


.01/ + 


. 007# 





EGR 
WTH 



STA 
GRN 
%MN 



DRP TST 
EAR WT 
%MN ABS 



100 
102 
39 
52 
3 



lu:5 
118 
41 
55 
15 



inn C "3 "3 



.017+ .000 



100 
2 
2 
0 

,999 



53.5 
52 
79 
0.1 

.647 



STK 
CNT 
%MN 

101 
100 
153 
239 
1 



EST 
CNT 
%MN 

102 
98 
22 
35 
4 



NLF 
BLT 
ABS 



PLT 
HT 
%MN 



101 
98 

37 
52 
4 

.000# 



BRT 
STK 
%MN 



-I n ^ 

99 
10 

-I 

. J. -r 



GOS 
WLT 
ABS 



7.3 
6.5 
3 
5 

0.8 

002# .029+ .300 



8.0 
5.0 
1 
2 

3.0 





ANT 
ROT 
ABS 


HD 
SMT 
ABS 


FUS 
ERS 
ABS 


GIB 
ERS 
ABS 


EYE 
SPT 
ABS 


COM 
RST 
ABS 


ECB 
ILF 
ABS 


bCB 
2SC 
ABS 


HSK 
CVR 
ABS 






q7 f; 


7.7 


5.3 


5.8 


5.1 


5.0 


6.8 

r A 


6.3 
Q n 



LOGS 
REPS 
DIFF 

PR > T 



I 
4 

0.0 
999 



5 

5 

4.9 
256 



J 
3 

1.0 

225 



6 

0.3 
635 



7 

0.5 
092* 



12 
0.2 
679 



4 

2.0 
410 



9 

0.3 
175 



1.3 
.000# 



# = 



10% SIG 
5% SIG 
1% SIG 



60 



65 



47 



f 



TABLE 4B 

INBREDS IN HYBRID COMBINATION REPORT 
VARIETY #1 - PH5TG/PH3PV 



PRM 
ABS 



PRH BU BU 
SHD ACR ALK 
ABS ABS %MN 



ro I 

(VMM 



10 



TOTAL SU! 



1 

"> 


86 


89 


148.6 


85 


88 


138.9 


:> 


3 
3 


6^ 


locs 

REPS 


J 

3 


93 
9.8 
.U00# 


DII'E 
PR > T 


1 

.201 


1 

.181 



103 
97 
63 
93 
6 

. uOulf 



99 
98 

r -) 
O J 

92 
1 



TQT 

1 ' 


GDU 


GDU 


i.rT A 


SHD 


SLK 


\t<i \ 1 \ 

ABS 


%MN 


%MN 


S2.7 

53.0 

/in 

—1 ^ 


101 
101 
^7 


101 
100 
26 


bb 


r- 1 


-) a 


0.3 
1 


1 

230 


i 

.016 



PLT 
HT 
%MN 



101 
98 
26 
40 
3 

.001# 



20 



EAR 
HT 



ERT 
LSC 
ABS 



■nTAi ^iiM 1 



2 

LOCS 
REPS 
DIFE 



n n T 



1 

J. V 

101 

2b 
40 
z 

9n 



S.3 

4.8 
* 

5 

n c 

.391 



RT 
LOG 
%MN 

100 

100 
1 

X 

1 
± 

n 



LRT 
LSC 
ABS 

8.3 

n r 
0 . O 

5 

7 

t 

0 3 
.374 



STK 
LDS 
ABS 



STK 
LDG 
%MN 



STK 
LDL 
%MN 



EBT 
STK 
%MN 



BRT 
STK 
%MN 



8.1 

n n 
(J . ' 

21 
28 
0.2 
.286 



103 

il.HJ 

25 
30 
3 



117 


9 / 


1U3 


101 


100 


96 


12 


1 


3 


22 


4 


A 


16 


3 


n 

0 






1 /(Q 


U3i+ 







30 



35 



TOTAL SUM 



40 



1 
2 

LOCS 
REPS 
DIFF 
PR > T 



ABT 
STK 
%MN 

80 
83 

5 
23 

3 

.757 



EGR 
WTH 
%MN 

98 
94 
31 
44 
4 

.171 



STA TST 
GRN WT 
%MN ABS 



STK 
CNT 
%MN 



EST 
CNT 
%MN 



NLF 
BLT 
ABS 



GOS 
WLT 
ABS 



ANT 
ROT 
ABS 



111 52.7 
101 53.1 



26 
40 
10 



40 
66 
0.4 



100 
105 
187 

2 



107 

ji. V *- 

96 
22 
35 
6 



7.5 
7.0 
2 
4 

0.5 



8.0 
7.5 
1 
2 

0.5 



041+ .037+ .004# .005# .500 



4.3 

5-3 
2 
4 

1.0 
.705 



45 



HD 
SMT 
ABS 



FUS 
ERS 
ABS 

-7 7 



ERS 
ABS 


EYE 
SPT 
ABS 


COM 
RST 
ABS 


ECB 
ILF 
ABS 


ECB 
2SC 
ABS 


HSK 
CVR 
ABS 




6.3 


5.1 


5.0 


6.8 


6.4 

n A 



+ = 



LOCS 
REPS 
DIFF 
PR > T 



10% SIG 
5% SIG 
1% SIG 



3 
6 

6.0 
188 



3 
3 

1.0 
225 



3 
6 

0.8 
130 



5 

0.0 
999 



12 
1.1 
015 + 



4 

1.5 
374 



9 

0.1 
741 



24 
2.0 
000# 



60 



48 



f 



TABLE 4C 



TNRRFOS IN HYBRID COMBINATION REPORT 



VARIETY #1 = PHSTG/PH3PV 
StFTY #2 = PH47A/PHTD5 



"^-r r-ni] GHIJ 
T^' MT 



r,DM Rll BU ^\\( W 

PPM VhD ACR ACR M5T W.a 

rl^" " . c^MKl *MN nOJ 
ABS 



ABS ABS %MN %MN 



10 "05 88 158.2 104 98 54 6 

TOTAL SUM 1 II ua.S 98 luO =4.9 

7 ou :j3 1:, 

IOCS 1 ; 50 50 49 33 

REPS 1 \ 6 3 0,3 

IS t^Iff , ^ 004# .007# .055* .23. 

'-' PR > T ■ 



100 102 



97 


97 


102 


1 Q 


14 


10 


23 


io 


1 1 

± -' 


3 


3 


1 




.006# 


.663 



ABT EGR 

EAR RT STK STK SiN WTH 
20 HT LOG IDS LOG LD ST^ 



%MN 



%MN ABS %MN 



ins I uu ' • ^ - . , r- mi; i u i J- ^ 



TOTAL SUM 1 - 8.2 100 3 17 

25 f„.c 10 1 1^ ; ^fi 3 12 

— n 1 16 \ -4 1 26 



REP"^ 

DIFF 4 
PR > T .301 



DIFF 0 u^^^ ^^^^ .500 .U3i^ 



STK 


EBT 


BRT 


LDL 


STK 


STK 


%IiN 


%MN 


%MN 


119 


101 


100 


lis 




iUl 


/I 

-r 


9 


2 


Q 


36 


3 


3 


4 


1 


.773 


.514 


.500 



86 



7 « 103 ^^-^ t:: 11^ qa 



30 



rli BLT w!t sS? 
'.S: l\ ABS ABS 

%MN ABS 



ToiA^'sUM- 1 54.6 lU^^ 3- , 3,.^ 

LOGS 15 19 ^^724 

REPS 24 33 116 ^ ^ g j 

40 DIFF 2 0^4 ___^3^ 50O 

PR > T .910 -205 



STK 


NLF 


cmt 


BLT 


%m 


ABS 


102 


7.0 


99 


3.S 


56 


1 


116 


2 


3 


3.5 


.000# 





f\-l -1 

8.U ^/ ■ / 



FUS 


GIB 


ECB 


ERS 


ERS 


2SC 


ABS 


ABS 


ABS 


7 7 


6.3 


8.5 


8-0 


6.5 


8.5 


3 


1 


2 


3 


4 


2 


0.3 


0.3 


0.0 


.423 


.500 


.999 



45 HSK 

CVR 
ABS 



ss 



+ = 



z 

LOGS 
REPS 
DIFF 

PR ^ 



10% SIG 
5% SIG 



-1 

X 0 



SIG 



10 

11 
1.1 
074* 



40 



f 



TABLE 4D 

INBREDS IN HYBRID COMBINATION REPORT 

PHSTG/PH3PV 
PHTD5/PH185 



VARIETY #1 
VARIETY #2 



PRIi 
ABS 



PRM BU 
SHD ACR 
ABS ABS 



BU 
ACR 



10 



TOTAL SUM 



15 



z 

LOGS 
REPS 
DIFF 
PR > T 



85 

S17 

2 
2 

2 

407 



88 151.3 
RS 148.2 

2 79 

3 3-1 
051* .123 



104 
102 

79 
2 

.213 



Mb I 

7oniN 

98 
102 
55 
78 
4 



-rrT 

I :> 1 



53.1 
54.8 

51 
1.7 
000# 



GDU 

c un 

JWiJ 



GDU 
St_K 

%MN 



PLT 
HT 
%MN 



101 

98 
■X 1 

42 
3 

nnn# 



101 
97 
23 

-I i 

3 

.000# 



101 
101 

21 

1 

-1. 

0 

.999 



20 



TOIAL SUM 



25 



2 

LOGS 
REPS 
DIFF 
PR > 



EAR 
HT 
%MN 

* /-V 

1U3 

102 
21 
31 
2 

-» "> 
. ZU J 



ERT 
LSC 
ABS 

^ n 

6.3 
3 
3 

2 . 3 

1 Q"? 

. J. 



RT 
LOG 



100 
100 
1 
1 

n 
u 



LRT 
LSC 
ABS 

8.4 
8.8 

r 
J 

8 

n /I 
.242 



STK 
IDS 
ABS 

8.0 

n r 
0 . J 

19 

0 S 
,148 



STK 
LOG 
%MN 

103 
1 n < 

J. V 

25 
30 
0 

.999 



STK 
LDL 
%MN 



EBT 
STK 
%MN 



BRT 
STK 
%MN 



119 

10 
20 
14 
.071* 



30 



'^5 



ABT 

STK 
%MN 



TOTAL SUM 



40 



1 

2 

LOGS 
REPS 
DIFF 
PR > T 



81 
88 

5 
24 

7 

424 



EGR 


STA 


TST 


WTH 


GRN 


WT 


%MN 


%MN 


ABS 


98 


110 


53.1 


105 


112 


54.6 


28 


23 


32 


39 


34 


51 


8 


2 


1,5 


.035+ 


.643 


000# 



STK 
CNT 



EST 
CNT 



iUZ 

101 
91 
165 
1 



1 n ■J 
lu J 

102 
18 
28 
1 

.676 



NLF 

BLT 
ABS 

7 ^ 

5.3 
2 
4 

2.3 
.070* 



97 


103 


01 


105 


1 


3 


4 




4 


2 




-1 r 1 
. J U 1 


GOS 


ANT 


WLT 


ROT 


ABS 


ABS 


8.0 


4.3 


5.0 


5.0 


1 


2 


2 


4 


3.0 


0.8 




.830 



45 



HD 
SMT 
ABS 



FUS 


GIB 


bVb 


ER5 


ERS 


SPT 


ABS 


ABS 


ABS 
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3 
3 
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3 
6 
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4 

0.3 
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8 4 
0.9 2.3 
069* .205 



9 

0.3 
235 



22 
0.6 
.015 + 
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TABLE 4E 

INBREDS IN HYBRID COMBINATION REPORT 

VARIETY #1 = PH5TG/PH3PV 
SrIETY #2 = PHIMD/PHOAV 



-rr-r rnii CM) PLT 

PUM BU BU run <;ii<; HT 

ACR ACR H51 - 



PRM SHD ALK ^^^^ 



ABS 



ABS ABS %f1N 



10 88 143.0 104 

TOTAL SUM 1 I; qn 143.6 105 

7^ 

mi I 2 0,6 1 

15 T " .817 .660 
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114 
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51.2 

t r 
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1 c; 
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1 O 
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46 
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.359 
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2 
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0 
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J. ^ 
1 

,584 



20 HT LSC LOG 
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EAR ERT RT LK! 



"I "-'^ a-MK' ABS %MN 

%MN ABS %MN ABS '^^^ _ 



::r"'7n" mn 8.4 8.5 100 

1 (0/ H.u „ r im 

TO^'^L ^ g o 102 8.4 5.0 .V. 

L0C5 9 3 2 g 

REPS 13 3 n n n 1 2 



DIFF 6 2.U 

PR > i .UDi- 



J J. . - - 



30 



2 

LOGS 



REPS 
DIFF 
PR > T 
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%m 
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73 


99 
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53 


99 
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2 


12 


8 


12 


18 


10 


20 


0 


12 


.584 


.999 


.183 



35 ::: ,00 a.o 4.3 97.3 

TOTAL SUM 1 - US 49.9 102 10^ 7.0 5.5 100.0 

2 4 2 

1.0 2.3 2.7 



40 pjpp 20 0 12 1:^. „Q .690 
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%m 


%m 


119 


101 


110 


4 Jl 


113 


92 


6 


8 


1 


11 


32 


1 


5 


12 
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Pi Pi ^ T 



10% SIG 
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1 
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2 


2 


8 
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0.5 

,705 



7 

0.4 
058* 



11 

0.4 
413 
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10 



I!) 



20 



25 



K^^^ of see. o, inbred PH5T3 is and .as been „.,n.ained b, Pionee, 
Aernaliona,. Inc., 800 Capitai S,.are, 400 Locus. Stree., Des .oines. Iowa 
.nee ono, .0 .be filing da.e of .bis application. Access ,o .b,s depos» w„, 
Z:^^ - Pe"-c, of .be appiica-ion .o .be — 

T.de™.s a.d pe,son de.e™ined b, .be Commissioner - - - J 

^ „ . ... H.im. in the aoDlication, the Applicant(s) wili make 

.o' .be puUic -o. .es,nc.ion a deposi. of a. ieas. 2=00 seeds o, ,„bren 
PH5TG wi.b ,be American T,pe Cul.we Coiiecon (ATCCi, Manassas, Wg,n,a, 0,™^ 
Tbe seeds deposi.e. wi.b .be ATCC ^ii be «e„ fro. .be sanne depos ™* d a 
plneer Hi-Bred and described above. Addiflonaiiy, Applicants, wii, mee. a e 
, „, 17 CFR 51 801 - 1.809. including providing an indica.,on of .be 
requiremente of 37 C.F.R. §1.801 • , ,„b,,j Maize Line 

viabilifv of .be sample wben .he deposi. ,s made. Th.s depos,. o. Inb 

......^ ,„ ,K. ATCr Deoosilorv. wbicb is a publrc deposi.ory. for a 

PHhib Will oe iitdinidiiiev »• t..^ . - - . - , , ,r „f 

. . .... . . ...rs aner the most recent request, or for the enforceable „fe of 

the oatent, Whichever IS longer, aiiuwiMu^.^K 

la e a, . ATCC; bowever, Appiican. bas no au.bori„ .o waive an, res.nc.,or,s 
I sed bv law on .be .ransfer of biological maferiai o, ,.s .ranspo«,on in »mme ce^ 
imposeu uy lo -„-i.H under this oaten, or 

Appiican. does not v,aive any inlringemen. or its ..gh.5 aran,e- J..d-. , 

under .he Piani Vanety Protection Ac. (7 use 2321 e. seq.). 

The foregoing invention bas'been descbbed in detail by way of i,.s.ra.,on an 

_ie for purposes o, clan, and ^^^"^^ ^2::^^^. 
certain changes and modificafions such as srngle gene con.e s on ^ ^ 
somoclonal varianls, vahan. individuals seleCed from large popuiatrons o. tbe p ants o 
I instant rnbred and the ii.e may be practrced within tbe scope o. tbe ,nven.,on, as 
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